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NUCLEIC ACID ARRAYS 

rROSf;-RFFF.RF.NrF. TO J^FXATFD APPT JCATIQNS 
This application is a continuation-in-part of application serial no. 08/859,998 filed on 
5 May 21, 1997 and application serial no. 09/053,375 filed on March 31, 1998, the disclosures 
of which are herein incorporated by reference. 

TMTPnnTirTTON 

Technical Field 

10 The field of this invention is biopolymeric arrays. 

BackgrounH of the Invention 

"Biochips" or arrays of binding agents, such as oligonucleotides and peptides, have 
become an increasingly important tool in the biotechnology industry and related fields. 

1 5 These binding agent arrays, in which a plurality of binding agents are deposited onto a solid 
support surface in the form of an array or pattern, find use in a variety of applications, 
including drug screening, nucleic acid sequencing, mutation analysis, and the like. One 
important use of biochips is in the analysis of differential gene expression, where the 
expression of genes in different cells, normally a cell of interest and a control, is compared 

20 and any discrepancies in expression are identified. In such assays, the presence of 

discrepancies indicates a difference in the classes of genes expressed in the cells being 
compared. 

In methods of differential gene expression, arrays find use by serving as a substrate to 
which is bound polynucleotide "probe" fragments. One then obtains "targets" from 
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analogous cells, tissues or organs of a healthy and diseased organism. The targets are then 
hybridized to the immobilized set of polynucleotide "probe" fragments. Differences between 
the resultant hybridization patterns are then detected and related to differences in gene 
expression in the two sources. 

A variety of different array technologies have been developed in order to meet the 
growing need of the biotechnology industry, as evidenced by the extensive number of 
patents and references listed in the relevant literature section below. 

Despite the wide variety of array technologies currently in preparation or available on 
the market, there is a continued need to identify new array devices to meet the needs of 
specific applications. Of particular interest would be the development of an array capable of 
providing high throughput analysis of differential gene expression. 

Relevant T iteranir.^ 

Patents and patent applications describing arrays of biopolymeric compounds and 
methods for their fabrication include: 5,242,974; 5,384,261; 5,405,783; 5,412,087; 
5.424,186; 5,429,807; 5,436,327; 5,445,934; 5.472,672; 5,527,681; 5,529,756; 5,545,531; 
5,554,501; 5,556,752; 5,561,071; 5,599,895; 5,624,71 1; 5,639,603; 5,658,734; WO 
93/17126; WO 95/1 1995; WO 95/35505; EP 742 287; and EP 799 897. 

Patents and patent application describing methods of using arrays in various 
applications include: 5,143,854; 5,288,644; 5,324,633; 5,432,049; 5,470,710; 5,492,806; 
5,503,980; 5,510,270; 5,525,464; 5,547,839; 5,580,732; 5,661,028; WO 95/21265; WO 
96/31622; WO 97/10365; WO 97/27317; EP 373 203; and EP 785 280. 

Other references of interest include: Atlas Human cDNA Expression Array I (April 
1997) CLONTECHniques XII: 4-7; Lockhart et al.. Nature Biotechnology (1996) 14: 1675- 
1680; Shena et al.. Science (1995) 270: 467-470; Schena et al., Proc. Nat'l Acad. Sci. USA 
(1996)93:10614-10619; Shalon et al.. Genome Res. (1996) 6: 639-645; Milosavljevic et al.. 
Genome Res. (1996) 6:132-141; Nguyen et al.. Genomics (1995)29: 207-216; Pietu et al.. 
Genome Res. (1996) 6: 492-503; Zhao et al.. Gene (1995) 166:207-213; Chalifour et al.. 
Anal. Biochem. (1994) 216:299-304; Heller et al., Proc. Nafl Acad. Sci. USA (1997) 94: 
2150-2155; and Schena, M., BioAssays ( 1 996) 18: 427-431. 
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SUMMARY OF THE FNVF^rTf^^f 
Arrays of polynucleotide spots stably associated with the surface of a solid support 
and kits comprising the same, as well as methods for their preparation and use in 
hybridization assays, are provided. The subject arrays comprise a plurality of polynucleotide 
spots, wherein each different polynucleotide spot is made up of a polynucleotide probe 
composition and at least a portion of the polynucleotide probe compositions are made up of 
unique polynucleotides. The arrays are further characterized in that all of the unique 
polynucleotides on the array correspond to the same type of gene. The subject arrays find 
particular use in differential gene expression analysis. Also provided are sets of a 
representational number of gene specific primers useful in generating target nucleic acids for 
use with the subject arrays in hybridization assays. 

BRIEF DESCRIPTION OF TRF FTHTTPPS; 
Fig. 1 provides a representation of an array according to the subject invention. 

DEFINITION?; 

The term "nucleic acid" as used herein means a polymer composed of nucleotides, 
e.g. deoxyribonucleotides or ribonucleotides. 

The terms "ribonucleic acid" and "RNA" as used herein mean a polymer composed 
of ribonucleotides. 

The terms "deoxyribonucleic acid" and "DNA" as used herein mean a polymer 
composed of deoxyribonucleotides. 

The term "oligonucleotide" as used herein denotes single stranded nucleotide, 
multimers of from about 1 0 to 1 00 nucleotides in length. 

The term "polynucleotide" as used herein refers to single or double stranded polymer 
composed of nucleotide monomers of greater than about 120 nucleotides in length up to 
about 1000 nucleotides in length. 

The term "array type" refers to the type of gene represented on the array by the 
unique polynucleotides, where the type of gene that is represented on the array is dependent 
on the intended purpose of the array, e.g. to monitor expression of key human genes, to 
monitor expression of known oncogenes, etc, i.e. the use for which the array is designed. As 
such, all of the unique polynucleotides on a given array correspond to the same type or 
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category or group of genes. Genes are considered to be of the same type if they share some 
common linking characteristics, such as: species of origin, e.g. human, mouse, rat, etc.; 
tissue or cell type of origin, e.g. muscle, neural, dermal, organ, etc.; disease state, e.g. cancer; 
functions, e.g. protein kinases, tumor supressors and the like, participation in the same 
5 normal biological process, e.g. apoptosis, signal transduction, cell cycle regulation, 

proliferation, differentiation etc.; and the like. For example, one array type that is provided 
below is a "cancer array" in which each of the ''unique" polynucleotide probes correspond to 
a gene associated with a cancer disease state. Likewise, a "human array" may be an array of 
polynucleotides corresponding to unique tightly regulated human genes. Similarly, an 
10 "apoptosis array" may be an array type in which the polynucleotides correspond to unique 
genes associated with apoptosis. 

The "unique" polynucleotide sequences associated with each type of array of the 
present invention are sequences which are distinctive or different with respect to every other 
polynucleotide sequence on the array and correspond to the same type of gene, as defined 
1 5 above. For example, in a cancer array, each unique polynucleotide has a sequence that is not 
homologous to any other known cancer associated sequence. Moreover, each polynucleotide 
sequence on the array is statistically chosen to ensure that the probability of homology to any 
sequence of that type is very low. Morever, in the cancer array embodiment, all sequences 
are statistically chosen to insure that the probability of homology to any other sequence 
20 associated with cancer or of human origin is very low. An important feature of the individual 
polynucleotide probe compositions of the subject arrays is that they are only a fragment of 
§ the entire cDNA of the gene to which they correspond. In other words, for each gene 

represented on the array, the entire cDNA sequence the gene is not represented on the array. 
Instead, the sequence of only a portion or fragment of the entire cDNA is represented on the 
25 array by this unique polynucleotide. 

The term "polynucleotide probe composition'" refers to the nucleic acid composition 
that makes up each of the spots on the array. Thus, the term " polynucleotide probe 
composition" includes nucleic acid compositions of unique polynucleotides and control or 
calibrating polynucleotides (e.g. polynucleotides corresponding to housekeeping genes). The 
30 polynucleotide compositions are made up of single stranded polyniicleolides (i.e. 

polynucleotides that are not hybridized to each other), where all of the polynucleotides in the 
probe composition may be identical to each other or there may be two different 

.4- 
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20 



25 



30 



polynucleotides (polynucleotides of different nucleotide sequence) in each probe 
composition, where the two different polynucleotides are complementary to each other. 

The term "gene specific primer" means a polynucleotide of sufficient length to 
specifically hybridize to a distinct nucleic acid member of the sample, e.g. RNA or cDNA, 
where the length of the gene specific primers will usually be at least 8 nt, more usually at 
least 20 nt and may be as long as 25 nt or longer, but will usually not exceed 50 nt. The gene 
specific primers of the subject invention are sufficiently specific to hybridize to 
complementary template sequence during the generation of labeled nucleic acids under 
conditions sufficient for first strand cDNA synthesis, which conditions are known by those 
of skill in the art. The number of mismatches between the gene specific primer sequences 
and their complementary template sequences to which they hybridize during the generation 
of labeled nucleic acids in the subject methods will generally not exceed 20 %, usually will 
not exceed 10 % and more usually will not exceed 5 %, as determined using the FASTA 
program using default settings. 

DESCRIPTION OF THF. ^PRC mC EMROnTMFMT .c; 
Arrays of polynucleotide spots and methods for their preparation are provided. In the 
subject arrays, a plurality of polynucleotide spots is stably associated with the surface of a 
solid support, where at least a portion of the polynucleotide spots on the array are made up 
of unique polynucleotides and all of the unique polynucleotides of the array correspond to 
one particular type of gene, e.g. tightly regulated human genes, genes associated with a 
particular disease state, genes associated with cell cycle regulation, etc. The subject arrays 
find particular use in gene expression assays. Also provided are sets of a representational 
number of gene specific primers useful in generating target nucleic acids for use with the 
subject arrays. In further describing the subject invention, the arrays first will be described in 
general terms. Next, methods for their preparation are described. Following this, a 
description of representative specific array types falling within the scope of the invention 
will be provided. Finally, a review of representative applications in which the subject arrays 
may be employed will be provided, where this review includes a description of the sets of a 
representational number of gene specific primers according to the subject invention. 
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Before Che subject invention is further descnbed. it is to be understood .h« th« 
invention is no. >in,i,ed to the particular embodiments of the invenUon describe, below as 
vaHationsof the particular entbodintentstna, be tnadeandstiiifaHw^thtnthe scop^^^^^^ 

appended claims. It is also to be und«stood that the temtinology employed ,s for . e purpose 
JdescHbin. particular embodiments, and is not intended to be iimitin,. Instead, the scope 
of the present invention will be established by the appended claims. 

,n this specification and the appended claims, the singular forms "a," "an." and "the" 
include plural reference unless the context clearly dicutes otherwise. Unless defined 
otherwise, all technical and scientific tenns used herein have *e same meantng as 
commonly understood to one of ordinary sltill in the art to which this invention belongs. 



ARRAYS OF THE SUBJECT INVENTION-OENERAL DESCRIPTION 



15 Array Structure 

The arrays of the subject invention have a plurality of polynucleotide spots stably 

associated with a surface of a solid support. Each spot on the array comprises a 
polynucleotide sample, i.e. polynucleotide probe composition, of luiown Identity, usuaU^^ 

Lown sequence, as described in greater detail below. The polynucleolide spots on the array 
,0 ma, be any convenient shape, but will typically be circular, elliptoid. oval or some other 
" analogouslycurvedshapcThedensilyofthespotsonthesolidsurfaceisatleastabou 
f 5Ja„dusua,lyat.eastaboutlO,cm=butdoesnotexceedabouUOOO/cm-.a„ usually 

doesnotcxceedabou.500W,andmoreusuallydoesno.exceedabout300/cm-.Th,spots 

may be arranged in any convenient pattern across or over the surface of Uie array, such as in 
Jsandcolumnssoastoformagrid.inacircularpat,cm,andthe,i.e,wheregeneral,ythe 

pattern of spo. will be present in the form of a grid across the surface of the solid suppor. 

'"l! the subject arrays, the spots of the pattern are stably associated with the surface of 
a solid support, where the support may be a fiexible or rigid solid support. By stably 
associated is meant that the polynucleotides of the spots maintain their position relative o 
the solid support under hybridization and washing conditions. As such, the polynucleotide 
members which ma.c up the spots can be non-covalently or covalently stably associalcd 



25 



30 
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with the support surface. Examples of non-covalent association include non-specific 
adsorption, binding based on electrostatic (e.g. ion, ion pair interactions), hydrophobic 
interactions, hydrogen bonding interactions, specific binding through a specific binding pair 
member covalentiy attached to the support surface, and the like. Examples of covalent 
binding include covalent bonds formed between the spot polynucleotides and a functional 
group present on the surface of the rigid support, e.g. -OH, where the functional group may 
be naturally occurring or present as a member of an introduced linking group, as described in 
greater detail below. 

As mentioned above, the array is present on either a flexible or rigid substrate. By 
flexible is meant that the support is capable of being bent, folded or similarly manipulated 
without breakage. Examples of solid materials which are flexible solid supports with respect 
to the present invention include membranes, e.g. nylon, flexible plastic films, and the like. 
By rigid is meant that the support is solid and does not readily bend, i.e. the support is not 
flexible. As such, the rigid substrates of the subject arrays are sufficient to provide physical 
support and structure to the polymeric targets present thereon under the assay conditions in 
which the array is employed, particularly under high throughput handling conditions. 
Furthermore, when the rigid supports of the subject invention are bent, they are prone to 
breakage. 

The solid supports upon which the subject patterns of spots are presented in the 
subject arrays may take a variety of configurations ranging from simple to complex, 
depending on the intended use of the array. Thus, the substrate could have an overall slide or 
plate configuration, such as a rectangular or disc configuration. In many embodiments, the 
substrate will have a rectangular cross-sectional shape, having a length of from about 10 mm 
to 200 mm, usually from about 40 to 1 50 mm and more usually from about 75 to 1 25 mm 
and a width of from about 10 mm to 200 mm, usually from about 20 mm to 120 mm and 
more usually from about 25 to 80 mm, and a thickness of from about 0.0 1 mm to 5.0 mm, 
usually from about 0.1 mm to 2 mm and more usually from about 0.2 to 1 mm. 

The substrates of the subject arrays may be fabricated from a variety of materials. 
The materials from which the substrate is fabricated should ideally exhibit a low level of 
non-specific binding during hybridization events. In many situations, it will also be 
preferable to employ a material that is transparent to visible and/or UV light. For flexible 
substrates, materials of interest include: nylon, both modified and unmodified, nitrocellulose. 
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polypropylene, and the like, where a nylon membrane, as well as derivatives thereof, is of 
particular interest in this embodiment For rigid substrates, specific materials of interest 
include: glass; plastics, e.g. polytetrafluoroethylene, polypropylene, polystyrene, 
polycarbonate, and blends thereof, and the like; metals, e.g. gold, platinum, and the like; etc. 
5 The substrates of the subject arrays comprise at least one surface on which the pattern 

of spots is present, where the surface may be smooth or substantially planar, or have 
irregularities, such as depressions or elevations. The surface on which the pattern of spots is 
present may be modified with one or more different layers of compounds that serve to 
modify the properties of the surface in a desirable manner. Such modification layers, when 
1 0 present, will generally range in thickness from a monomolecular thickness to about 1 mm, 
usually from a monomolecular thickness to about 0.1 mm and more usually from a 
monomolecular thickness to about 0.001 mm. Modification layers of interest include: 
inorganic and organic layers such as metals, metal oxides, polymers, small organic 
molecules and the like. Polymeric layers of interest include layers of: peptides, proteins, 
15 polynucleic acids or mimetics thereof, e.g. peptide nucleic acids and the like; 

polysaccharides, phospholipids, polyurethanes, polyesters, polycarbonates, polyureas, 
polyamides. polyethyleneamines, polyarylene sulfides, polysiloxanes, polyimides, 
polyacetates, and the like, where the polymers may be hetero- or homopolymeric, and may 
or may not have separate functional moieties attached thereto, e.g. conjugated. 
20 The total number of spots on the substrate will vary depending on the number of 

different polynucleotide probes one wishes to display on the surface, as well as the number 
of control spots, calibrating spots and the like, as may be desired depending on the particular 
application in which the subject arrays are to be employed. Generally, the pattern present on 
the surface of the array will comprise at least about 10 distinct spots, usually at least about 
25 20 distinct spots, and more usually at least about 50 distinct spots, where the number of spots 
may be as high as 1 0,000 or higher, but will usually not exceed about 5,000 distinct spots, 
and more usually will not exceed about 3,000 distinct spots. In many embodiments, it is 
preferable to have each distinct probe composition presented in duplicate, i.e. so that there 
are two spots for each distinct polynucleotide probe composition of the array. In certain 
30 embodiments, the number of spots will range from about 200 to 600. 

The amount of polynucleotide present in each spot will be sufficient to provide for 
adequate hybridization and detection of target nucleic dcid during the assay in which the 

-8- 
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array is employed. Generally, the amount of polynucleotide in each spot will be at least 
about 0.1 ng, usually at least about 0.5 ng and more usually at least about I ng, where the 
amount may be as high as 1000 ng or higher, but will usually not exceed about 20 ng and 
more usually will not exceed about 10 ng. The copy number of each polynucleotide in a spot 

5 will be sufficient to provide enough hybridization sites for target molecule to yield a 

detectable signal, and will generally range from about 0.01 fmol to 50 fmoU usually from 
about 0.05 fmol to 20 fmol and more usually from about 0.1 fmol to 5 fmol. Where the spot 
has an overall circular dimension, the diameter of the spot will generally range from about 
10 to 5,000 Aim, usually from about 20 to 2,000 and more usually from about 50 to 1000 

10 Aim. 

A critical feature of the subject arrays is that at least a portion, usually the majority, 
of the polynucleotide spots on the array are made up of polynucleotide probes that all 
correspond to the same kind or kind of gene, i.e: genes that all share some common 
characteristic or can be grouped together based on some common feature, such as species of 

15 origin, tissue or cell of origin, functional role, disease association, etc. Other spots which 
may be present in the pattern include spots comprising genomic DNA, housekeeping genes, 
negative and positive control genes, and the like. These latter types of spots comprise 
polynucleotides that are not "unique" as that term is defined and used herein, i.e. they are 
"common," In other words, they are calibrating or control genes whose function is not to tell 

20 whether a particular "key" gene of interest is expressed, but rather to provide other useful 
information, such as background or basal level of expression, and the like. The percentage 
of spots which are made of unique polynucleotides that correspond to the same type of gene 
is generally at least about 30 number %, and usually at least about 60 number % and more 
usually at least about 80 number %. Therefore, the arrays of the subject invention will be of a 

25 specific array type, where representative array types include: human arrays, mouse arrays, 
cancer arrays, apoptosis arrays, human stress arrays, oncogene and tumor suppressor arrays, 
cell-cell interaction arrays, cytokine and cytokine receptor arrays, rat arrays, blood arrays, 
mouse stress arrays, neuroarrays, and the like, where some of these representative arrays are 
described in greater detail below. 

30 With respect to the polynucleotide probes that correspond to a particular type or kind 

of gene, type or kind can refer to a plurality of different characterizing features, where such 
features include: species specific genes, where specific species of interest include eukaryotic 

-9. 



wo 98/53103 



PCT/US98/10561 



species, such as mice, rats, rabbits, pigs, primates, humans, etc.; function specific genes, 
where such genes include oncogenes, apoptosis genes, cytokines, receptors, protein kinases, 
etc.; genes specific for or involved in a particular biological process, such as apoptosis, 
differentiation, cell cycle regulation, cancer, aging, proliferation, etc.; location specific 
5 genes, where locations include organ, such as heart, liver, prostate, lung etc., tissue, such as 
nerve, muscle, connective, etc., cellular, such as axonal, lymphocytic, etc. or subcellular 
locations, e.g. nucleus, endoplasmic reticulum, Golgi complex, endosome, lyosome, 
peroxisome, mitochondria, cytoplasm, cytoskeleton, plasma membrane, extracellular space; 
specific genes that change expression level over time, e.g. genes that are expressed at 

10 different levels during the progression of a disease condition, such as prostate genes which 
are induced or repressed during the progression of prostate cancer. 

The average length of the polynucleotides on the array is chosen to be of sufficient 
length to provide a strong and reproducible signal, as well as tight and robust hybridization. 
As such, the average length of the polynucleotides of the array will typically range from 

1 5 about 1 20 to 1 000 nt and usually from about 1 20 to 800 nt, where in many embodiments, the 
average length ranges from about 200 to 700 nt, and usually 200 to 600 nt. The length of 
each polynucleotide on the array is less than the length of the mRNA to which it 
corresponds. As such, the polynucleotide represents only a fraction of the full length cDNA 
to which it corresponds. 

20 As mentioned above, the subject arrays typically comprise one or more additional 

spots of polynucleotides which do not correspond to the array type, i.e. the type or kind of 
gene represented on the array. In other words, the array may comprise one or more spots that 
are made of non "unique"* polynucleotides, i.e common polynucleotides. For example, spots 
comprising genomic DN A may be provided in the array, where such spots may serve as 

25 orientation marks. Spots comprising plasmid and bacteriophage genes, genes from the same 
or another species which are not expressed and do not cross hybridize with the cDNA target, 
and the like, may be present and serve as negative controls. In addition, spots comprising 
housekeeping genes and other control genes from the same or another species may be 
present, which spots serve in the normalization of mRNA abundance and standardization of 

30 hybridization signal intensity in the sample assayed with the array. 
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Polynucleotide Probes of the Arrays 

Each spot of the pattern present on the surface of the substrate is made up of a unique 
polynucleotide probe composition. By "polynucleotide probe composition ' is meant a 
collection or population of single stranded polynucleotides capable of participating in a 
5 hybridization event under appropriate hybridization conditions, where each of the individual 
polynucleotides may be the same — have the same nucleotide sequence- or different 
sequences, for example the probe composition may consist of 2 different single stranded 
polynucleotides that are complementary to each other (i.e. the two different polynucleotides 
in the spot are complementary but physically separated so as to be single stranded, i.e. not 

10 hybridized to each other). In many embodiments, the probe compositions will comprise two 
complementary, single stranded polynucleotides. 

In those polynucleotide probe compositions having unique polynucleotides, the 
sequence of the polynucleotides are chosen in view of the type and the intended use of the 
array on which they are present. The unique polynucleotides are chosen so that each distinct 

15 unique polynucleotide does not cross-hybridize with any other distinct unique polynucleotide 
on the array, i.e. the polynucleotide of any other polynucleotide probe composition that 
corresponds to a different gene falling within the broad category or type of genes represented 
on the array. As such, the nucleotide sequence of each unique polynucleotide of a probe 
composition will have less than 90% homology, usually less than 85 % homology, and more 

20 usually less than 80% homology with any other different polynucleotide of a probe 

composition of the array, where homology is determined by sequence analysis comparison 
using the FASTA program using default settings. The sequence of unique polynucleotides in 
the probe compositions are not conserved sequences found in a number of different genes (at 
least two), where a conserved sequence is defined as a stretch of from about 40 to 200 

25 nucleotides which have at least about 90% sequence identity, where sequence identity is 
measured as above. The polynucleotide will generally be a deoxyribonucleic acid having a 
length of from about 120 to 1000, usually from 120 to 700 nt, and more usually 200 to 600 
nt. The polynucleotide will not cross-hybridize with any other polynucleotide on the array 
under standard hybridization conditions. Again, the length of the polynucleotide will be 

30 shorter than the mRNA to which it corresponds. 
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Array Preparation 

The subject arrays can be prepared using any convenient means. One means of 
preparing the subject arrays is to first synthesize the polynucleotides for each spot and then 
deposit the polynucleotides as a spot on the support surface. The polynucleotides may be 
prepared using any convenient methodology, such as automated solid phase synthesis 
protocols, preparative PCR and like, where preparative PGR or enzymatic synthesis is 
preferred in view of the length and the large number of polynucleotides that must be 
generated for each array. 

For preparative PCR, primers flanking either side of the portion of the gene of 
interest will be employed to produce amplified copy numbers of the portion of interest. 
Methods of performing preparative PCR are well known in the art, as summarized in PCR, 
Essential Techniques (Ed. J.F. Burke, John Wiley & Sons)(1996). Alternatively, if a gene 
fragment of interest is cloned into a vector, vector primers can be used to amplify the gene 
fragment of interest to produce the polynucleotide. 

In determining the portion of the gene to be amplified and subsequently placed on the 
array, regions of the gene having a sequence unique to that gene should preferably be 
amplified. Different methods may be employed to choose the specific region of the gene to 
be amplified. Thus, one can use a random approach based on availability of a gene of 
interest. However, instead of using a random approach which is based on availability of a 
gene of interest, a rational design approach may also be employed to choose the optimal 
sequence for the hybridization array. Preferably, the region of the gene that is selected and 
amplified is chosen based on the following criteria. First, the sequence that is chosen should 
yield a polynucleotide that does not cross-hybridize with any other polynucleotide that is 
present on the array. Second, the sequence should be chosen such that the polynucleotide has 
a low probability of cross-hybridizing with a polynucleotide having a nucleotide sequence 
found in any other gene, whether or not the gene is to be represented on the array from the 
same species of origin, e.g. for a human array, the sequence will not be homologous to any 
other human genes. As such, sequences that are avoided include those found in: highly 
expressed gene products, structural RNAs, repeated sequences found in the sample to be 
tested with the array and sequences found in vectors. A further consideration is to select 
sequences which provide for minimal or no secondary structure, structure which allows for 
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Optimal hybridization but low non-specific binding, equal or similar thermal stabilities, and 
optimal hybridization characteristics. 

The prepared polynucleotides may be spotted on the support using any convenient 
methodology, including manual techniques, e.g. by micro pipette, ink jet, pins, etc., and 
5 automated protocols. Of particular interest is the use of an automated spotting device, such 
as the Beckman Biomek 2000 (Beckman Instruments). As mentioned above, the 
polynucleotide probe compositions that are spotted onto the array surface are made up of 
single stranded polynucleotides, where all the polynucleotides may be identical to each other 
or a population of complementary polynucleotides may be present in each spot. 

0 

Specific Array Types of the Subject Invention 



A variety of specific array types are also provided by the subject invention. As 
discussed above, array type refers to the nature of the polynucleotide probes present on the 
1 5 array and the types of genes to which the probes correspond. These array types include: 

human array; mouse array; cancer array, apoptosis array, human stress array, oncogene and 
tumor suppressor arrray, cell-cell interaction array, and cytokine and cytokine receptor array, 
as well as other types of arrays, e.g. rat array, rat stress array, blood array, mouse stress 
array, and nueroarray. Each of these arrays is described separately below. 

20 

Human Array 

One specific array type provided by the subject invention is the human array. In the 
human array of the subject invention, the majority of the spots on the array have a 
polynucleotide sequence corresponding to a human gene of interest. As such, all of the 

25 unique polynucleotide probes on the array correspond to human genes. The human genes 
represented on the human array are typically those genes that have been identified by those 
of skill in the art as key genes. By "key" is meant that the genes are relevant and related to 
the purpose of the array, e.g. the identification of difference in the expression profiles of 
different cell or tissue types, where the key genes are generally functionally important to the 

30 cell. In many embodiments, the genes represented on the human array are tightly regulated 
human genes. The term ''tightly regulated gene'" is used herein in accordance with its art 
accepted definition and use. As such, by tightly regulated human gene is meant a gene which 
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is not -Meaky/' as opposed to housekeeping genes which are generally expressed at similar 
levels in different cells and different tissues, i.e. a gene which is inducible such that in 
response to a specific inducing signal the gene turns "on" and when this signal is removed, 

the gene turns "off." 

In certain embodiments of the human array, human genes that may be represented on 
the subject arrays include: (a) oncogenes & tumor suppressors; (b) cell cycle regulators; (c) 
stress response proteins; (d) ion channel & transport proteins; (e) intracellular signal 
transduction modulators and effectors; (f) apoptosis-related proteins; (g) DNA synthesis, 
repair and recombination proteins; (h) transcription factors & general DNA binding proteins; 
(i) growth factor & chemokine receptors; 0) interleukin & interferon receptors; (k) hormone 
receptors: (I) neurotransmitter receptors; (m) cell surface antigens & cell adhesion proteins; 
(n) groxvth factors, cytokines and chemokines; (o) interleukins & interferons; (p) homiones; 
(q) extracellular matrix proteins; (r) cytoskeleton & motility proteins; (s) RNA processing & 
turnover proteins; (t) post-translational modification, trafficking & targeting proteins; (u) 
protein turnover; and (v) metabolic pathway proteins. 

In view of the length of the polynucleotides of the probe compositions of the spots, 
each polynucleotide of a probe composition typically has a nucleotide sequence of only a 
portion of the human gene. Specific sequences to which the polynucleotide sequence may 
correspond include those identified in Table 1 below, where by "correspond" is meant that 
the polynucleotide could have the same sequence as specified or a sequence complementary 
to the specified sequence. Whether the polynucleotide sequence is the same as a portion of 
. the sense strand of the gene to which is corresponds or complementary thereto is based 
primarily on the nature of the target which the array is to be used, e.g. if the target is .first 
strand cDNA, the polynucleotide will have a sequence found in the anti-sense DNA strand of 

25 the gene to which it corresponds. 

Of particular interest is a human array of the subject invention as shown in Fig. 1 . In 
the array, each spot on the array comprises a known polynucleotide, as specified in Table 1 , 
where the array comprises spots which: (a) correspond to 588 different tightly regulated 
human genes; (b) comprise plasmid and bacteriophage polynucleotides; (c) comprise 
polynucleotides corresponding to housekeeping genes; and (d) genomic DNA. Each of the 
different types of polynucleotide spots are positioned at a known location on the membrane 
surface. 
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[Position 


1410-1625 i 


391-586 


174-447 


1372-1594 


1990-2247 


181-436 


3886-4139 


3414-3904 


436-618 


3503-3856 


2232-2567 


2568-2880 


3359-3543 


920-1232 


1663-2125 


4382-4770 


1107-1473 


917-1208 


390-608 1 


216-459 1 


130-555 1 


607-879 1 


305-499 1 


947-1140 1 


2359-2823 | 


35-279 1 


345-730 


121-621 1 


338-595 1 


89-430 1 


2398-2575 1 


901-1232 1 


2544-3019 1 


1981-2176 1 


[690-964 1 


'1538-1878 1 


Gene Name 


interleukin-7 receptor (IL-7) 


HUlFN-gamma interferon 


interleukin 7 (IL-7) 


c-myc oncogene 


interleukin-2 receptor 


interleukin-2 (IL-2) 


epidermal growth factor receptor (ERBB3) 


insulin-like growth factor 1 receptor 


insulin-like growth factor II 


homo sapiens inducible nitric oxide synthase 


glutamate receptor subunit (GLUH1 ) 


c-fms proto-oncogene 


tumor necrosis factor receptor 


p53-associated gene 


platelet-derived growth factor B chain 


transferrin receptor 


interleukin-1 precursor (PRE IL-1) 


monocyte interleukin 1 (IL-1) 


interleukin 3 (IL-3) 


interleukin 4 (IL-4) 


interleukin BSF-2 (B-cell differentiation factor) 


tumor necrosis factor | 


lymphotoxin (TNF-BETA) | 


T-cell surface glycoprotein T4 | 


interleukin 6 receptor 


T-cell replacing factor (interleukin-5) 


interferon beta-1 (IFN-beta-1) 


granulocyte-macrophage colony stimulating factor 


transforming greiwth factor-alpha 


leukocyte interferon (IFN-alpha) alpha-C 


transforming growth factor-beta (TGF-beta) 


granulocyte colony-stimulating factor (G-CSF) 


nuclear factor kappa-B DNA binding subunit 


nucleotide sequence of the c-myb cDNA clone lambda-LMC8 


p53 cellular tumor antigen 


transforming growth factor beta-2 


IGeneBank # 


CO 

o> 
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CM 


X01992. M29383 


J04156 


V00568 
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A14844 


<o 
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X01394 
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X04688 


M28622 
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J00209 
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Table I (cont) 
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Table I (cont) 













































































Position 


13623-3938 


3196-3413 


[294-572 1 


[2207-2583 


[3847-4288 J 


11570-1817 


12277-2413 


[1394-1831 


12556-2722 


1357-1826 


351-808 


1353-1832 


1487-1845 


359-625 


943-1321 


2384-2688 


236-592 


1428-1685 1 


1368-1656 1 


3243-3586 | 


870-1080 1 


497-814 1 


285-743 1 


863-1277 1 


233-627 1 


627-1019 


1069-1452 1 


762-1041 1 


1181-1562 1 


230-613 1 


3274-3758 | 


1463-1913 1 


180-545 1 


5118-5583 1 


842-1133 1 


702-1098 1 


Gene Name 


[tyrosine phosphatase receptor gamma polypeptide 


DNA-binding protein PO-G A 


CCAAT enhancer-binding protein beta 


c-jun prolo-oncogene (jun) clone HCJ-1 


interleukin 1 receptor 


tumor necrosis factor receptor 


macrophage-specific colony-stimulating factor (CSF-1) 


insulin-like growth factor II receptor 


tyrosine kinase receptor HER2 


HM74 


mQ9 


HM145 


hepatocyte growth factor activator precursor 


hepatoma-derived growth factor 


bone morphogenetic protein 4 


FER tyrosine kinase 


activation (Act-2) | 


endothelin ET3 | 


neuroleukin | 


TEK tyrosine kinase receptor | 


endothelin receptor EDNRA | 


endothelin receptor EDNRB | 


interleukin IL-13 | 


CD40 ligand | 


CD27 ligand | 


cytokine receptor (EB1 3) | 


glial growth factor 2 (recombinant) | 


glial growth factor (recombinant) | 


interleukin IL-14 | 


thrombopoietin (MGDF/MpI ligand) | 


insulin receptor | 


uromodulin | 


RANTES pro-inflammatory cytokine | 


PDGF-alpha receptor 


PDGF-beta receptor | 


bone morphogenetic protein 1 


|GeneBank# 


HG918 


HG970 


HG99. M64673 


J04111 


M27492 


M33294 


M37435 


Y00285 


HG404 


D 10923 


D10924 


D10925 


D14012 


D16431 


D30751 


J03358 1 


J04130 


J05081 1 


K03515 1 


L06139 1 


L06622 1 


L06823 _ 1 


1106801 1 


L07414 


L08096 


L08187 


LI 2260 


LI 2261 1 


LI 5344 1 


L36052 1 


M10051 1 


M17778 1 


M21121 ' 1 


M21574 1 


M21616 1 


1^22488 1 
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Position 


1459-1748 


5090-1748 


1294-1712 


1760-1968 


1288-1604 


127-150 


2491-2965 


1053-1381 


1514-1799 


1362-1713 


29-362 


272-304 


753-1189 


2007-2434 


338-695 


333-740 


1165-1559 


280-613 


37-430 


16-254 1 


37-351 1 


522-955 1 


1810-2239 1 


156-186 1 


868-1173 


1131-1502 


112-416 


157-501 


1098-1371 


842-1244 


198-605 


230-533 


65-329 


329-657 


Gene Name 


connective tissue growth factor 


tyrosine phosphatase receptor zeta-polypeptide 


TDGF3 1 


RYK=related to receptor tyrosine kinase isolog 1 


VEGF receptor 1 


Duffy blood group antigen (Fya-b+) 


growth factor receptor tyrosine kinase STK-1 


interleukin 12 receptor component 


monocyte chemoattractant protein 1 receptor (MCP-1RA) alternatively 
spliced 


monocyte chemoattractant protein 1 receptor (MCP-1RB) alternatively 
spliced 


FLT3/FLK2 ligand 1 


endothelial-monocyte activating polypeptide 11 1 


keratinocyte growth factor receptor 1 


cysteine protease CPP32 isom alpha 


interleukin IL-15 1 


activin type 1 receptor 1 


VRP (vascular endothelial growth factor related protein) | 


IFN-gamma-inducible chemokine IP-1 0 I 


0) 
CD 
O 

u 
c 
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o 

cL 

IS 
6 


I^RP-1 4 (calcium binding protein in macrophages fVllF-related) | 


MRP-8 (calcium binding protein in macropliages MIF-related) | 


platelet-derived growth factor A chain PDGF-A 


leukemia inhibitory factor LIF 


interleukin IL-9 (P40) 


granulocyte-macrophage colony-stimulating factor receptor GM-CSFRa 


fibroblast growth factor FGF-1 


nerve growth factor NGF-2 (same as NT-3) 


macrophage inflammatory protein-2alpha (MIP2alpha) 


PIGF (placenta growth factor) 


interleukin 1 receptor type II 


o 

O 


beta-thromboglobulin-like protein 


neutrophil-activating peptide ENA-78 


OX40 Iigand/gp34 1 


GeneBank # 


M92934 


M93426 


M96956 1 


S59184 1 


U01134 1 


U01839 


U02687 1 


U03187 1 


U03882 


U03905 


U04806 


U10117 


U11814 


U13737 


U14407 


U 14722 1 
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co 
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GO 
CO 
CSJ 
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322-621 


447-672 
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2804-3086 
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Gene Name 


paired box homeotic protein (PAX8) 1 


ERGG5 excision repair protein 1 


protein serine/threonine kinase stkl 


protein serine/threonine kinase stk2 1 


14-3-3n protein 


octamer binding transcription factor 1 (OTFI) 1 


S protein 1 


Diasma membrane calcium ATPase isoform 2 (ATP2B2) 


quanine nucleotide regulatory protein (Q 1 3) 1 


Bax beta 1 


Rad 


calcium/calmodulin dependent protein kinase 1 


CTLA4 counter-receptor (B7-2) 1 
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nuclear factor l-X 1 
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iGTP-bindinq protein (RAB5) 


c 

B 
o 

CL 
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CO 
•r— 

o 


stem ceil protein (SCL) 


myeloblastin 


GeneBank # 1 


L19606 
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L20320 
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L20422 


L20433 1 
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L24564 
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Ml 5800 


M16937 
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227-593 


549-873 


113-408 


946-1158 


790-1099 


643-1135 


882-1286 


98-355 
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1718-1945 


892-1271 


728-1118 


1507-1752 


701-1068 


2446-2771 
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I109M450 


cn 

00 
CM 


98-409 
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1852-2185 


1430-1701 


2231-2569 


5023-5369 


1630-2062 


2039-2444 I 


1358-1681 


1212-1556 


125-538 


1002-1339 


1236-1522 


1702-2039 


2008-2383 


930-1207 


1740-2143 


11828-2140 


Gene Name 


transcription elongation factor (Sll) 


myeloid cell nuclear differentiation antigen 


S19 ribosomal protein 1 


NRL qene product 


nuclease-sensitive element DNA-bind<ng protein 1 


retinoid X receptor beta (RXR-bela) 1 


replication factor C 40-kDa subunit {A1) 


replication factor C 37-kDa subunit ] 


IFN-responsive transcription factor subunit 1 


homeobox 21 protein (H0X2A) 1 


zinc finger transcriptional regulator 1 
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follicle stimulating hormone receptor 1 


nucleobindin precursor 1 


1 B-cell specific transcription factor (BSAP) 1 


MAR/SAR DNA binding protein (SATB1) 


i (region 7) homeobox protein (H0X7) 1 


5HT1 a=5-fiVdroxytryptamine receptor {transmembrane regions 5 and 6J | 
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auanine nucleotide regulatory protein (NET1) 1 
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clone ndf43 neu differentiation factor 


PAX3/forkliead transcription factor fusion 
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Ivoitaqe-gated calcium channel beta subunit 


Imutant lympfiocyte-specific protein tyrosine l<inase (LCK) 
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epidermal growth factor receptor substrate (eps15) 
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Mouse Array 

In the mouse array according to the subject invention, all of the unique 
polynucleotide probe compositions will correspond to a mouse gene of interest. Mouse genes 
that are represented on the array are key genes, by which is meant that they have been 
5 reported to play primary roles in a variety of different biological processes. Typically the 
mouse genes represented on the array are genes that are under tight transcriptional control. 
^ Genes of interest that may be represented on the array include: oncogenes, cell cycle genes, 
apoptosis genes, growth factor genes, cytokine genes, interleukin genes, receptor genes, and 
genes associated with different stages of embryonic development. 

10 In certain embodiments, of particular interest is an array having the following types 

of genes represented on its surface: oncogenes & tumor suppressors; cell cycle regulators; 
stress response proteins; ion chaimel & transport proteins; intracellular signal transduction 
modulators & effectors; apoptosis-related proteins; DN A synthesis, repair & recombination 
proteins; transcription factors & general DNA binding proteins; growth factor & chemokine 

15 receptors; interleukin & interferon receptors, hormone receptors; neurotransmitter receptors; 
cell-surface antigens & cell adhesion proteins; interleukins & interferons; cytoskeleton & 
motility proteins; and protein turnover. In a specific mouse array of interest, the spots are as 
listed in Table 2. 

20 The mouse array of the subject invention finds use in a variety of different 

applications, where such applications include: profiling differential gene expression in 
transgenic knockout mice or other experimental mouse models; investigating processes such 
as embryo genesis and tumorigenesis; discovering potential therapeutic emd diagnostic drug 
targets; and the like. 
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Table 2 (cont) 



Position 1 


291-556 


3714-4001 


1336-1639 


172-534 1 


570-967 


2175-2400 


2713-2930 


399-753 1 


1566-1924 1 


789-1141 1 


285-606 


1212-1409 1 


274-632 


2057-2377 | 


1456-1728 


984-1304 1 




412-748 


900-1183 1 


368-675 1 


374-640 1 


186-455 1 


680-1011 1 


1269-1608 1 
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Gene Name I 


Transcription factor TF II D | 


ZO-1; Tight junction protein; discs-large tamily member, partially 
homologous to a dIg-A tumor suppressor in Drosophila/ 


ERCC5 excision repair protein; DNA-repair protein complementing XP-G 
cells (XPG) 


Bax; Bcl-2 heterodimerization partner and homologue 


B7-2; T lymphocyte activation antigen CD86; CD28 antigen ligand 2, B7-2 
antiqen; alternative CTLA4 counter-receptor 


NF2; Merlin (moesin-ezrin-radixin-like protein); shwannomin, murine 
neurofibromatosis type 2 susceptibility protein 
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Eqr-1 Zn-finqer regulatory protein 1 


PKC-alp»ia; protein kinase C alpha type 1 


CD44 antiaen 1 


T-lymphocyte activated protein 1 


Neuronal-cadherin (N-cadherin) 1 


ATP-dependent DNA helicase II 70 kDa subunit; thyroid Ku (p70/p80) 
autoantigen p70 subunit; p70 Ku) 


G 1 3: G-alpha-1 3 guanine nucleotide regulatory protein | 


Transcription factor RelB 


Vascular cell adhesion protein 1 


ERCC3 DNA repair helicase; DNA-repair protein complementing XP-B cells 
(XPBC) 


CRE-BP1; cAMP response element binding protein 1 


IXRCCI DNA-repair protein, affecting ligation 


iNuciear hormone receptor ROR-ALPHA-1 


114-3-3 protein eta 


Prothymosin alpha 


1 PAX-8 (paired box protein PAX 8) 


CamK IV; Ca2/calmodulin-dependent protein kinase IV (catalytic chain) 


ATP-dependent DNA helicase II 80 kDa subunit; thyroid Ku (p70/p80) 
autoanligen p80 subunii; pSO Ku) 


iRet prolo-oncogene (Papillary thyroid carcinoma-encoded protein) 


Nm23-M2; nucleoside diphosphate kinase B; metastasis-reducing protein; 
c-myc-related transcription factor 


iGenBanlt 


ID01034 


D14340 


D16306 


L22472 


L25606 


L27105 


IM13945 1 


M20157 


M25811 


M27129 


M31042 


M31131 


M38700 
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U02887 


IU53228 


U57311 
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X66323 
X678l'2_"_ 

X68193 
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Table 2 (cont) 
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nlearin aloha 7 


Gadd45: orowth arrest and DNA-damage-inducible protein 


Bcl-xL aooDlosis regulator (bcl-x long); Bcl-2 family member | 


N-mvc oroto-oncoaene protein 1 


cAMP-deoendent orotein kinase type l-beta regulatory chain I 


IRF1 : inlerleron reaulatorv factor 1 1 


HSP86: heat shock 86kD protein 1 


LFA1 -alpha; integrin alpha L; leukocyte adhesion glycoprotein LFA-1 alpha 
chain:antiaenCD11Alo180) 


APC: Adenomatous Polyposis Coli protein 


Cdc25b: cdc25M2; MPI2 (M-phase inducer phosphatase 2) 


PI3.K D1 10: DhosDhatidvlinosilol 3-kinase catalytic subunit 


HSP27: heal shock 27kD orotein 1 


Csk: c-Src-kinase and negative regulator 


FasI; Fas antigen ligand; generalized lymphoproliferation disease gene 
ln\(\) in mice 


IMAPK: MAP kinase: o38 


Inl9ink4: cdk4 and cdk6 inhibitor 


lElf-l Els family transcription factor 


CRAF1: TNF receptor (GD40 receptor) associated factor, TRAF-related 


SPI3; serpin; similar to human proteinase inhibitor 6 (placental thrombin 
inhibitor) serine proteinase inhibitor 


RIP cell dealh protein; Fas/APO-1 (CD95) interactor, contains death 
domain 


SLAP: src-like adapter protein; Eck receptor tyrosine kinase-associaled 


lAtm: ataxia lelanaiectasia murine homologue 


lEBl APC-bindina protein 


ITANK; l-TRAF; TRAP family member associated NF-kB activator 
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352-686 


1037-1278 


183-406 


1892-2179 


548-857 


5287-5590 


1366-1706 


1305-1538 


2176-2449 


1712-2089 


1432-1459 


858-1151 


942-1276 


157M812 


1184-1447 


261-611 


1422-1711 


141-362 


799-1140 


719-987 
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613-955 


542-807 


1990-2320 
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1300^9 


1146-1442 


11389-1739 1 
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Gene Name 


Casoase-1 1 : ICH-3 cysteine protease; upstream regulator o( ICE I 


MLH1 DNA mismatch repair protein; MutL homologue 1 


insulin-like orowth factor-IA 1 


Cell surface glycoprotein MAC-1 alpha subunit 1 


N-ras orolo-oncoaene: translorminq G-protein 1 


L-mvc oroto-oncoaene protein 


CD1 8 antiaen beta subunit (leukocyte adhesion LFA-1 ) (CD3. PI 50, 95) | 
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Intearin aloha 4 


PKC-bela: orotein kinase C beta-ll type 


HSP60; heat shock 60 kOa protein 1 (chaperonin, GroEL homologue); 
mitochondrial matrix protein PI 


c-Cbl oroto-oncoaene {Adaptor protein) 1 


Cdc25 ohosohatase: guanine nucleotide releasing protein 


Ezrin; Villin 2; NF-2 (merlin) related filament/plasma membrane associated 
rtrntein 


Cvclin B1 (G2/M-SDecific) 


Inlenrin aloha 6 


R-HvdroxvtrvDtamine (serotonin) receptor 3 


Homeobox orotein HOXD-3 


Icvclin E rGI/S-soecilic) 


1 MAPKAPK-2: MAP kinase-activated protein kinase; MAPKAP kinase 2 


Fra-2 (los-related antiqen 2) 


Icvclin Al (G2/M-specilic) 


DCC; netrin receptor; immunoglobulin gene superfamily member; former 
tumor suDbressor orotein candidate 


MHR23A; Rad23 UV excision repair protein homologue; xeroderma 
Diamentosum qroup C (XPC) repair complementing protein 


MHR23B; Rad23 UV excision repair protein homologue; xeroderma , 
Diamentosum orouo C (XPC) repair complementing protein 


llnleorin beta 


lMmRad52: veast DNA repair protein Rad52 homologue 


Icvclin G (G2/M-SDecificy 


Prostaalandin E2 receptor EP4 subtype 


lnterleukin-5 receptor 


lGenBank# 1 


U59463 


U59883 


X04480 


X07640 


XI 3664 


X13945 


X14951 


X52191 


X53176 


X53532 


X53584 


X57111 


X5986B 


X60671 


X64713 


X6g902 


X72395 


X73573 


X7588B 


X76850 


X83971 


X8431 1 


X85788 


X92410 


X92411 


Y00769 


Z32767 


Z37110 


D13458 


|d90205 
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Position 1 


180-505 1 


1193-1377 1 


653-1011 1 


1125-1517 


762-1154 
1248-1504 


4790-5088 | 


1762-2110 1 


1073-1313 1 


2402-2676 | 


1809-2136 


652-954 1 


772-1075 1 


86-377 I 


1110-1490 1 


46-328 1 


827-1225 1 


1212-1513 1 


461-805 1 


2050-2410 


1268-1657 1 


2469-2705 | 


1262-1550 1 


701-1104 1 


42-323 1 


175-456 1 


13122-3417 1 


1961-2376 1 


474-803 1 


795-1086 1 


3178-3455 | 


|808-1120 1 


1416-769 1 


1589-896 1 


11843-2179 1 


Array Coordinate | 
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Ol 
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A4e 


E3i 


C3m 


|E2I 


|D1b 


|B3k 


|A4i 


Gene Name 1 


Epidermal growth factor (EGF) 1 


Erythropoielin receptor 1 


Insulin receptor 1 


p53; tumor suppressor; DNA-binding protein 1 


Cf2r: coaaulation factor II (thrombin) receptor I 


PTPRG; protein-tyrosine phosphatase gamma 


DNA-binding protein SMBP2 


lnterleukin-10 receptor 1 


lnterleukin-2 receptor gamma chain I 


Bone morphogenetic protein 1 1 


Uromodulin 1 


Thrombopoielin 1 


Transforming growth factor beta I 


Granulocyte colony- stimulating factor (G-CSF) 1 


Neuroieukin 


Insulin-like growth lactpr-2 (somatomedin A) 


Interleukin 1 beta 


c-myb proto-oncogene protein 


Tumor necrosis factor beta TNF-beta (Lymphotoxin-alpha) 


lnterleukin-1 receptor 


CSF-1: M-CSF; colony stimulating factor-1 


lnterleukin-4 receptor (membrane-bound fomi) 


Interferon-gamma receptor 


lnterleukin-7 receptor 


Gamma interferon induced monokine (M\Q] 


Interleukin 10 
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Table 2 (cont) 



Position 1 


1083-1351 


1081-1325 


874-1236 1 


17-332 


1481-1734 


1064-1304 


1394-1721 


746-985 


552-916 1 


4137-4375 


925-1305 1 


982-1314 1 


599-954 1 


447-669 1 


1595-1976 


939-1329 1 


781-1140 


27-256 1 


449-817 


461-824 1 


701-1039 1 


1017-1334 


877-1101 1 


1498-1680 1 


426-728 1 


1000-1306 1 


1095-1323 


1755-1054 1 


|807-1197 1 


1232-505 1 


CO 

cn 

CM 

• 


11437-1812 I 


Array Coordinate 1 


B7f 1 


D6b 


1 P9V 


C3a 


C4I 


F2h 


CO 
OQ 


F7d 


D5b 1 


C5e 1 




Ol 

■«r 

UJ 


F6n 


C7m 


E7a 


F2c 


F2I 


F2i 


A5m 


F2m 


F2i 


A2e 


u 
r*- 
u. 


|A3a 


D2h 


|D4n 


E5I 


|D7e 


|E2h 


|B7b 


C2c 


|B7n 


Gene Name i 


Vav: GDP-GTP exchange factor; proto-oncogene 1 


PAX-6 (paired box protein) 1 


Cvclin B2 (G2/M-specific) 1 


CtiopIO; murine iiomologue ol Gadd153 (growth arrest and DNA-damage- 
inducible protein) 


PD-1 possible cell death inducen Ig gene superfamily member 


Inhibin beta A subunit (TGF beta family) 


Vegfr2; KDR/flkl vascular endothelial growth factor tyrosine kinase 
receptor 


Protease nexin 1(PN-1) 1 


I^RE-blndinq transcription factor 1 


Activator -1 1 40 KD subunil (replication factor C 1 40KD) | 


DP-1 (DRTF-oolipeptide 1) cell cycle regulatory transcription factor 


B-Hydroxytryptamine (serotonin) receptor 1c 


Gelatinase B 


XPAC: xeroderma pigmentosum group A con-ecting protein 


Integrin alpha 2 (CD49b) 


Growth/ diffferentiation factor 2 (GDF-2) 


Insulin-like growth factor binding protein-4 (IGFBP-4) 


Insulin-like growth factor binding protein-1 (IQFBP-1) 


IGFBP-2; insulin-like growth factor binding protein 2; autocrine and/or 
paracrine growth promoter 


Insulin-like growth factor binding protein-5 (lGFBP-5) 


Insulin-like growth factor binding protein -6 (IGFBP 6) 


A-myb proto-oncogene; myb-related protein A 


iMembrane type matrix matalloproteinase 


|Elk-1 ets-related proto-oncogene 


E2F-5 transcription factor 


|Lbx 1 transcription factor 


P-selectin (glycoprotein ligand-1) 


iTranscriplion factor SEF2 


1 Macrophage mannose receptor 


1 Rab-2 ras-related protein 


Glulhathione S-transferase (theta typel); phase II conjugation enzyme 


Zyxin; Lll^ domain protein; alpha-actinin binding protein 


iGenBank* 1 


X64361 


X63963 


X66032 


X67083 


X67914 


X69619 


X70842 


X70296 


X71327 


X72711 


X72310 


X72230 


X72795 


X74351 


X75427 


X77113 


X81582 


X81579 


X815B0 


X81583 


XB1584 


X82327 


1X83536 


X87257 


X86925 


1X90829 


X91144 


1X91753 


IZ11974 


1X95403 


1X98055 


1X99063 
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Table 2 (cont) 



Position 1 


3646-3933 


2867-3181 


723-973 


180-516 


1463-1806 


530-774 


o 

Oi 

t 

CO 
CO 

in 


1047-1324 


460-817 


1561-1772 


1256-1600 


764-1053 


2431-2708 


1267-1521 


1211-1595 


2269-2628 


1702-1930 


2376-2775 


108-469 


215-555 


1-328 


1307-1672 


119-445 


625-969 


1131-1416 


788-1139 


783-1171 


81-379 


1701-2014 


750-1027 


1388-1682 


1504-837 1 


IVrray Coordinate 1 


A4d ; 


o 


CO 

a 


B6m 


c 
o 


LU 


E4i 


LU 


LU 


A5k 


C6b 


lZ 


CD* 
< 


D3C 


A3i 


B4f 


c 

CVJ 

CD 


LU 


F5h 


B7d 


E4c 


c^ 
O 


F3f 


u. 


E5e 


LU 


p2n 


p3e 


E2f 


E 

CD 


CD 

o 


iFlh 


Sene Name ' 


\A0\ nrnfmncoaene 1' 


;-Kil proto-oncogene (masl/stem cell growth factor receptor tyrosine 


rrflnqrrioiion factor BARX1 (homeodian transcription factor) |1 


PI n namma: nhosoholioase C oamma 1 


Siromelvsin-3: matrix metalloproleinase-1 1 (MMP-1 1 ) 


q.Hv/HrnYvin/ntamine (serotonin) receptor 1e beta 1 


«>.HvHrnKvirYPlamine (serolonin) receptor 2c 1 


1 ow Hpnqitv lipoprolGln receptor 1 


(^.HvHrnifvtrvntamine (serotonin) receptor 7 1 


c-MpI; thrombopoietin receptor; hematopoietic growth factor receptor 
CI inprfamilv member 


nNA-nnlvmerase delta catalvtic subunil 1 


FnniQtalin 


rvrlin F (R/f^P/M-Rpecific) 


Ft«?-ro|atpHpmtfllnSap1A 1 


KiPf Pts related transcriotion factor: activated by Ras 


<;iatRa* mammarv aland factor 


Hek2 murine homologue; Mdk5 mouse developmental kinase; Eph -related 
tvrnsine-DrotGin kinase receptor 


ln.Partnr/1 IF rficentor 


rvtockol«»al ppidprmal keratin (14 human) 


R-ras prntPin. cIqsgIv related to ras proto-oncogenes 


prnUrtin rpnpplor PRLR2 


piu- p ivmphnrYtp kinase; Src family member 


ManroDhaae inflamatorv protein 1 beta (Act 2) 


Ulnha-l nrntPase inhibitor 2 


IGABA-A transDorter 1 


iRnnp mnrnhonenetic orotein 8a {BMP-8a) (TGF-beta family) 


FMhrold kruDoel-like transcription factor 


IraTA bindina transcriotion factor (GATA-4) 


Rrnwth factor receptor 


Ir.rkariantor orotein 


Retinoid X receotor interacting protein (RIP 15) 


Cek 7 receptor protein tyrosine kinase ligand 
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Table 2 (cont) 



Position 


166-495 


s> 
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m 


464-728 


n 1 

0 * 
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CO 1 
0> 
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n 
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CO 
CO 


251-507 


1476-1811 


C7> 

CM 
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t 

in 


\rray Coordinate II 
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E 

CO 
111 


CO 

\i 


in 
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O 
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Bif 


Bim 


B3d 


B2e 


in 
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CM 
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Ale 


C5k 
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B7m 


A6I 


C7I 


CO 

u. 


B5i 


T3 
CM 

m 


-Q 
CM 
CD 


in 
u. 


m 


A3n 


Ain 


CM 
< 


C3h 


|F5f 


"ipne Name 


:.C CKR-1; CCR-1; C O chemokine receptor type 1. macrophage 
nfiammr^tnrv nrntPin-1 alDha receotor: MIP-lalpha-R; RANTES-R 1 


ninrororticoid rf^'^'^ptnr form A U 


VIothers against DPP protein (mad homolog Smad 1. transforming growtn 
fartrtr hpfa sinnalinn protein) 1 


UrU turnqinfi.nroteln kinase 1' 


Phntnlvasp/hlu'^-l'nht rfireplor homologue _ 1' 


r>Tnq>l n<?moti^ <^\T^^'^ nrntPin; APG-1 : hsp70-related [ 


^ilM^n<^p rpnulalfd prnlpin. 78kD; Grp78 1 


LCR-1; CXCR-4; CXC (SDF-1) chemokine receptor 4; HIV coreceptor 
Hi.einv a nmiPin^ouDled receotor LCR1 homologue; 


3 
C3 

b) 

% 
u 
o 

x: 

a> 
tr 
o 
o 
to 
c 

2 

03 
• <fl 

o 
u 


t«f.Q nrntn-nnronpnp- NOTCH familv member: N0TCH4 


r-AM nroto-onc^nflnp; Rac-alpha: proteine kinase B (PKB) 1 


Rak apnptnQi*: rpnulator; Bcl-2 family member 


pc;-?' hnmrfionu** n« »hP Abheimei^s disease aene 


RROA?- Breast capf^'^r siiRceplibility locus 2 product 


nMA linasp III 


r aenncp.7- 1 irp?: lf^F-LAP3 cysteine protease 


Rin- annntir d'^^'th flnnniM 


WBP6; pSK-SRPKI; WW domain binding protein 6 serine kinase for bH 
qnlirinn factors „ , . 


o 
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Q) 
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CC 
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inhihitnr nf ihp RNA-activated orolein kinase. 58-kDa 


Gnini 4-transm'^mhranR spanning transporter: MTP 


1 ATP.hinriinn f:a55ette 8: ABC8: homoioq of Drosophila white 


rnr4p f^TR-hinHinn prf^tein; G25K 


Ftonnsidp ind^'^flH P-*^^ rpsponsive (EI24) mRNA 


r:a«5Pin Wm^'^f^ II (alpha subunit) 


IrQriini tumnr susceotibilitv orotein 
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13 
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CamK II; Ca2+/calmodulln-dependent protein kinase II (beta subunit) 


c 
« 
oc 
c 
a 
C 


[ °c 

■ 1 ^ 

) 1 c\ 

)■ - 


1 oc 

- XT 

> C 

> r 
J ^ 
) X 


> S£ 

> c 

I s 

: > 


> CC 

c > 


t< 

• i 

• < 


• c\ 
) oc 
> TI 
) o 


i IT 
> 'fl 

P C£ 

) a 

r 

^ C 


I 5 
i c 


: S 
: ? 


■ <£ 

> ir 
> 

) c 
1 a 
^ 3 


> IT 
) 

r r 

> 

J O 

: 2 


> ^ 

It 

E > 


1 s 
■ 5 


J a 
) tr 
- ir 

> (C 

) i: 


■ CC 

> ir 
) c 

> C£ 
) 

) " 


> cv 

> c 
) lv 

> CC 

> " 


• CC 

J c 
) if 
. If 
) 

) " 


) (C 

> If 
) 

> CN 

a 

) = 


) CC 
3 C\ 

r oc 
J ir 
) a 
5 - 


) CC 

J T- 

1 § 

> CT 

> > 


) a 

) c 
> Tj 

5 

: > 


> c^ 
- c\ 

> :3 
: ^ 


» a 
I tr 
• cv 
) ti 

J 

) 3 


) c 
> c\ 
1 a 

- 

) r 
) - 


> c 
J cv 

) c- 

> Z 


1 ir 

. r*- 

j 5 
) Z 


■ CC 
) CC 

. oc 

" ? 
) r 


> IT 

> r: 
) a 
■ cv 

> IT 

> z 


) If 
' c 
> 

) ir 
) Z 


) CC 

>:r> 
'Ic 
r i fv 
V, o 


X63615 



-48- 



wo 98/53103 



PCT/US98/10561 



Table 2 (cont) 



Position 1 


2032-2365 


236-539 


1172-1494 


2314-2645 


1122-1395 


585-830 


382-729 


1942-2240 


544-774 


742-1013 


201-491 


620-898 


1686-1943 


1091-1437 


2267-2505 


350-671 


1301-1538 


246-519 


232-528 


482-756 


621-927 


34-311 


18372-8724 


3729-4014 


2125-2367 


667-931 


47-310 


907-1191 


910-1262 


1286-1613 


1043-1355 


540-876 


185-428 


1182-382 1 


Array Coordinate 1 


B3a 


Fin 1 


CO 
UJ 


E6i 


D3g 


F6m 


u. 


E3n 


E6b 1 


E3I 


Elk 1 


(O 
HI 


Elb 


c 

UJ 


E6m 1 


E5c 


u. 


E6k 


D5d 


B3i 


F7k 


D7b 


iFIc 


B2a 


Clh 


sz 

(O 
UJ 


|E3b 


E5b 


|E5a 


p2m 


|E4f 


|A7n 


|C2a 


|C2h 


Gene Name 1 


Htk; Mdk2 mouse developmental kinase; Eph -related tyrosine-prolein 
kinase receotor 


Glial cell line-derived neurotrophic factor 1 


cm^ (Platelet endothelial cell adhesion molecule 1) 1 


CD22antiaen 1 


CM 
K 
S3 

(3 


Cvloloxic T Ivmphocvte-specific serine protease CCP 1 gene (CTLA-1 ) | 


Catheosin B 1 


Growth hormone receptor 1 


nD28 (receotor tor B71) 1 


Estroaen receptor 1 


Monotvoe chemoattractant protein 3 1 


CD45 associated protein (CD 45-ap, LSM-1) 


Orohan receptor 1 


Cannabinoid receptor 1 (brain) 


Dvslroalvcan 1 


G-orolein coupled receptor 


Urokinase tvoe olasminoaen activator 


CTLA-4 (immunoqiobin superfamily member) 


Mvoaenic factor 5 


uPARI: urokinase plasminogen activator surface receptor (GD87) 


Serine protease inhibitor 2.4 


IsRY-box containino aene 4 


iBone morohoaenetic protein 2 (BMP-2) (TGF-beta family) 


o 

U) 

Q. 

w 
E 
S 

o 
u 

X) 

'5 

3 
TJ 
.C 

C 
■5 
0 

'S 

0 
10 
f 

d. 

00 
00 
in 

CM 

0 


IbcI-2; B cell lymphoma protein 2, apoptosis inhibitor 


|C014 antiqen 


ISomatostatin receptor 2 


1 Dopamine receptor 4 


1 Cannabinoid receptor 2 (macrophage. CB2) 


lEri (Ets-related transcription factor) 


Is-Hvdroxytrvptamine (serotonin) receptor lb 


iTob aniiproiiferalive factor; interacts w^ith p185erbB2 


[Glutathione S-transferase (microsomal) 


Adenosine A3 receptor 


lGenBank# |i 


749085 1 


D49921 


Oi 
CO 

o 

CO 

iS 


LI 6928 


L39770 


M12302 


M14222 


M33324 


M34563 


M38651 


S71251 


U03856 


U1168B 


U179B5 


U43512 


U46923 


X02389 


X05719 


X561B2 


XB2700 


X69832 


X70298 


L25602 


M10021 IK02 


Ml 6506 


M34510 


M81832 


U 19880 


U21681 


U58533 


Z11597 


078382 


J03752 


1L20331 
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Table 2 (cont) 
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Cancer Array 

In the cancer arrays of the subject invention, the polynucleotide probe compositions 
on the array correspond to those genes which are associated, e.g. play a role in. cellular 
proliferative diseases, particularly cancer, where human genes are of particular interest in 

5 many embodiments. Types of genes that are typically represented on a cancer array of the 
subject invention include: oncogenes, tumor suppressors, cell cycle regulators, genome 
plasticity genes, apoptosis genes, cell differentiation genes, regulators of tumor host 
interaction and metastasis, such as extracellular matrix proteins, ceil adhesion receptors, 
molecules that control cell invasion and motility, and genes associated with angiogenesis. 

10 In certain embodiments, of particular interest is an array having the following types 

of genes represented on its surface: cell cycle/growth regulators; apoptosis; growth 
factors/cyiokines; oncogenes/tumor suppressors; cell adhesion, motility and invasion; 
invasion regulators; GTP ases and their regulators; cadherins; intermediate filament markers; 
receptors; cell fate/development regulators; DNA damage/response/repair/ recombination; 

1 5 and angiogenesis regulators. In a specific cancer array of interest, the spots are as listed in 
Tables. 

The cancer array finds use in a variety of applications, including: monitoring cellular 
responses to therapeutic compounds; comparing expression profiles of tumors at different 
developmental stages; developing diagnostic tools for distinguishing closely related tumors; 
20 and the like. 

In the following Table 3, as well as preceding Tables 1 and 2, the "position" 
coordinate refers to the actual nucleotide residues of the listed gene that are represented on 
the array. 
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CYCLIN-DEPENDENT KINASE INHIBITOR 1 (MEUNOMA 
DIFFERENTIATION ASSOCIATED PROTEIN 6) (MDA-6) (P21) (CDK- 
INTERACTING PROTEIN 1) (CIP1) (WAF1) (CDKN1A) (CDKN1) (SDI1) 
(PIC1) (CAP20) 


CYCLIN-DEPENDENT KINASE INHIBITOR 1C (CYCLIN-DEPENDENT 
KINASE INHIBITOR P57) (P57KIP2) 


CYCLIN-DEPENDENT KINASE 4 INHIBITOR A (CDK4I) (P16-INK4) (P16- 
INK4A) (MULTIPLE TUMOR SUPPRESSOR 1) (MTS1). (CDKN2A) 


CYCLIN-DEPENDENT KINASE 4 INHIBITOR B (P14-INK4B) (P15-INK4B) 
(MULTIPLE TUMOR SUPPRESSOR 2) (MTS2) (CDKN2B). 


CYCLIN-DEPENDENT KINASE 4 INHIBITOR D (P19-INK4D). I 


IWEEI-LIKE PROTEIN KINASE (EC 2.7.1.112) (WeelHu) | 


SERINEH^HREONINE-PROTEIN KINASE PLK (EC 2.7.1.-) (PLK-1) 
(STPK13) 


PHOSPHOLIPASE DI | 


NEDD5 PROTEIN HOMOLOG. | 


CDC10 PROTEIN HOMOLOG | 


CDC27HS PROTEIN | 


UBIQUITIN-CONJUGATING ENZYME E2-CDC34 | 


CDC16HS. 1 


CDC37 HOMOLOG. 7\ 


CDC6-RELATED PROTEIN | 


EXTRACELLULAR SIGNAL-REGULATED KINASE 1 (EC 2.7.1.-) (ERK1) 
(INSULIN- STIMULATED MAP2 KINASE) (MAP KINASE 1) (MAPK 1) (P44 
ERK1) (ERT2) (P44-MAPK) (MICROTUBULE-ASSOCIATED PROTEIN-2 
KINASE). 


tXIHACELLULAH SIGNAL-REGULATED KINASE 3 (EC 2.7.1.-) (ERK3) 
(MAP KINASE ISOFORM P97) (P97-MAPK). . 


EXTRACELLULAR SIGNAL-REGULATED KINASE 4 (EC 2.7.1.-) (ERK4) 
(MAP KINASE ISOFORM P63) (P63-MAPK). 


tXI HACbLLULAR SIQNAL-REGULATED KINASE 5 (EC 2.7.1.-) (ERK5) 
(ERK4) (BMK1 KINASE) 


bXIRACELLULAR SIQNAL-REGULATED KINASE 6 (EC 2.7.1.-) (ERK6) 
(ERK5) 
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Table 3 (cont) 



Position 


480-789 


526-886 


241-546 


2038-2427 


M 
ID 


o 
oo 

QO 


708-1051 


98-355 


438-762 


882-1286 


1498-1638 


ID 
^ 

DO 
9> 
f— 


LO 

oo 
m 


175-433 


355-632 








iS 

cn 

CM 

5 

CM 


oo 
in 

CO 

cn 


o 

!\i 

CO 


3014-3169 


3884-4117 


CM 
CM 


1090-1403 


1979-1235 1 


Array Coordinate 


0) 
CM 
O 


C2f 


CM 

o 


C2h 


SfM 
O 


o 


CM 
O 


C2I 


C2m 


C2n 


C3a 




C3c 


C3d 


C3e 








?5 
O 


C3g 


C3h 


C3i 


O 


CO 

O 


C3I 


|C3m 


GenBank # 


S40706 IS621 381 


M60974 


M29971 


X90392;IL40817; U068461 


U07418 1 


L24564 


L07540 


M87339 


L07541 


M87338 


M63488 


HT3218[K000651 I 


M96684 


M74524 


D21235 1 








IM73980 


IU77493 


IM99437 


IU95299 


IAF028593 


IAF003521 


U15979; (Z12172] 


CM 
LA 
CO 

OS 


ICell Cvcle/Growth Requlators [ 


GROWTH ARREST AND DNA-DAMAGE-INDUCIBLE PROTEIN 
nAnnir;', mWA.nAMAfiP INDUCIBLE PROTEIN) (CHOP), 


GROWTH ARREST AND DNA-DAMAGE-INDUCIBLE PROTEIN GADD45 
/riMA.HAMAriF iMniiniRI P TRANSCRIPT 1) (DDIT1). 


METHYLATED-DNA--PROTEIN-CYSTEINE METHYLTRANSFERASE (6- 
n.MPTMYI niJANINP-DNA METHYLTRANSFERASE) (MGMTI 


MUSCLE-SPECIFIC DNASE l-LIKE (DNase X] (XIB) 


nwA MISMATCH REPAIR PROTEIN MLH1 (mutL HOMOLOG) 1 


\ 

i a 


ACTIVATOR 1 36 KD SUBUNIT (REPLICATION FACTOR C 36 KD 


ACTIVATOR 1 37 KD SUBUNIT (REPLICATION FACTOR C 37 KD 


ACTIVATOR 1 38 KD SUBUNIT (REPLICATION FACTOR C 38 KD 
CI ini iKim mprr^m 


ACTIVATOR 1 40 KD SUBUNIT (REPLICATION FACTOR C 40 KD 
QliRIINm /RFC40) 


REPLICATION PROTEIN A 70 KD DNA-BINDING SUBUNIT (RP-A) (RF- 
A) (REPLICATION FACTOR-A PROTEIN 1) (SINGLE STRANDED DNA- 


Ici iPFonyinP niRMl JTASP fSuoeroxide dismulase 1 (Cu/Zn)l 1 


iTnAMQrpiPTloWAI ACTIVATOR PROTEIN PUR-ALPHA 1 


HHR6A (YEAST RAD6 HOMOLOG) (UBIQITIN-CONJUGATING 


UV EXCISION REPAIR PROTEIN PROTEIN RAD23 (xeroderma 
ninmonirtciim nrntin H renaif comolementina Drotein HHR23A1 


n 

■ 
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L 
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IJ LJ 1 _ — — 

Imanic fringe 
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Table 3 (cont) 
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Table3(c()nt) 



Position 


355-674 


LO 
D 

CO 


2338-2646 


M < 

t ' 
CM 1 


< 

X) < 

M 1 

1 

/> 1 
p- < 
r- < 


3> 

»- 
1— 

:o 

9) 

oo 


CO 1 

in ^ 

? 1 
\n i 
a> 1 


n 1 

T ( 
n 

D 

n 


M 1 
3> ' 
N i 

N. < 

n 

EM 


S ( 

r- 1 

• , 

CM < 


M 

n 
I— 

3> 
9> 
D 


M < 

T ^ 

J; 1 


y> 
n 

? 

DO 
DO 


CO ( 
CO i 

T ( 
n 4 
o 


3) 

X> 

a> 

9> 

LO 


S 

n 

s. 

CNI 
CO 

o> 

CM 


554-B06. 


9> 

n 

»- ) 

o ' 

CO 


CO 

T 

CM 
CO 




2686-3053 


4236-4402 


2491-2965 


3114-3536 


3243-3586 


Coordinate 1 




















































Array 


MSG 


DSi 


in 

a 


m 
Q 


LO 
Q 


E 
in 
O 


c 
in 
O 


ra 

CO 

□ 


J3 
CO 

O 


U 
CO 

O 


pgn 


CD 

o 


CO 

Q 


O) 
CO 

O 


J= 
CO 

o 


D6i 


CO* 

O 


CO 

a 


CO 

o 




IJvl 11 


c 

CO 
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L34774 


X76132 1 


U32907 
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n 
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lAMninriCMCQiQ RPrsiM ATORS ' 


VASCULAR ENDOTHELIAL GROWTH FACTOR RECEPTOR 2 
PRECURSOR (EC 2.7.1.112) (VEGFR-2) (KDR) (KINASE INSERT 
nnMAlW QPr.PPTnR^ fFRAGMENTI 


VASCULAR ENDOTHELIAL GROWTH FACTOR RECEPTOR 3 
PRECURSOR (EC 2.7.1.1 12) (VEGFR-3) (TYROSINE-PROTEIN KINASE 
otrrPPTnp PI Ti r.l ASS llh. 


FL CrrOKINE RECEPTOR PRECURSOR (EC 2.7.1.112) (TYROSINE- 
PROTEIN KINASE RECEPTOR FLT3) (STEM CELL TYROSINE KINASE 
1^ rSTK-1^ fCD135 ANTIGEN). 


TYROSINE-PROTEIN KINASE RECEPTOR TIE-1 PRECURSOR (EC 


TYROSINE-PROTEIN KINASE RECEPTOR TIE-2 PRECURSOR (EC 
2.7.1.112) (TYROSINE-PROTEIN Klt^ASE RECEPTOR TEK) (P140TEK) 
(TUNICA INTERNA ENDOTHELIAL CELL KINASE). 
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Table 3 (cont) 
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11383-1655 1 
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ICell Cvcle/Growth Regulators 
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B) + VEGF REUVTED FACTOR ISOFORM VRF186 PRECURSOR 


VASCUUR ENDOTHELIAL GROWTH FACTOR C PRECURSOR (VEGF- 
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,„meapcp«..isarraya=cordi„...U,esubi«.inve„,ion,a»of.heu„.c,ue 
/cell cyc>= g.„«. in a specific ap.p.osis array cf intcrcs, .he spo. are as provded ,n 



Table 4. 
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Human Stress Array 

In the human stress array according to the subject invention, all of the unique 
polynucleotide probe compositions correspond to genes that are associated with stress 
responses of human cells, e.g. stress response regulators and effectors. In a specific human 
stress array of interest, the spots are as provided in Table 5. 
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;TRESS response regulators and EFFECTORS 


:ALNEXIN precursor (major HISTOCOMPATIBIUTY complex Cl>\SS 1 ANIlC:itN- 
ilNDING PROTEIN P8BHP90) (IP<X)) 
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TRESS RESPONSE REGULATORS AND EFFECTORS 


;R0WTH arrest and DNA-DAMAGE-INDUCIBLE PROItiN UAUUibi ^UNA-UAMAbt 
NDUCIBLE TRANSCRIPT 3) (DDIT3) (C/EBP-HOMOLOGOUS PROTEIN) (CHOP) 
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IdnA POLYMERASE BETA (DPOB) 


DNA NUCLEOIIDYLEXOTRANSFERASE GERMINAL ADDITION ENZYME) (IhUMINAL 
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STRESS RESPONSE REGULATORS AND EFFECTORS | 


DNA-REPAIR PROTEIN COMPLEMENTING XP-A CELLS (XERODERMA PIGMENTOSUM 
GROUP A COMPLEMENTING PROTEIN) 


DNA-REPAIR PROTEIN COMPLEMENTING XP-B CELLS (XERODERMA PIGMENTOSUM 
GROUP B COMPLEMENTING PROTEIN) (DNA EXCISION REPAIR PROTEIN ERCC3) (BASAL 
TRANSCRIPTION FACTOR 2 89 KD SUBUNIT) (BTF2-p89) (TFIIH 89 KD SUBUNIT) 


DNA-REPAIR PROTEIN COMPLEMENTING XP-C CELLS (XERODERMA PIGMENTOSUM 
GROUP CCOMPLEMENTING PROTEIN) (pl25) 


UV EXCISION REPAIR PROTEIN PROTEIN RAD23 HOMOLOG A (HHR23A) I 


UV EXCISION REPAIR PROTEIN PROTEIN RAD23 HOMOLOG B (HHR23B) (XP-C REPAIR 
COMPLEMENTING COMPLEX 58 KD PROTEIN) (p58) 


DNA-REPAIR PROTEIN COMPLEMENTING XP-D CEliS (XERODERMA PIGMENTOSUM 
GROUP D COMPLEMENTING PROTEIN) (DNA EXCISION REPAIR PROTEIN ERCC-2) 


DAMAGE-SPECIFIC DNA BINDING PROTEIN pi 27 SUBUNIT; IMPUCATED IN XERODERMA 
PIGMENTOSUM GROUP E (DDBl) 


DAMAGE-SPECIFIC DNA BINDING PROTEIN p48 SUBUNIT; IMPLICATED IN XERODERMA 
PIGMENTOSUM GROUP E (DDB2) 


DNA-REPAIR PROTEIN COMPLEMENTING XP-F CELLS (XERODERMA PIGMENTOSUM 
GROUP F COMPLEMENTING PROTEIN) (DNA EXCISION REPAIR PROTEIN ERCC-4) 


DNA-REPAIR PROTEIN COMPLEMENTING XP-G CELLS (XERODERMA PIGMENTOSUM 
GROUP G COMPLEMENTING PROTEIN) (DNA EXCISION REPAIR PROTEIN ERCC-5) 


IGOCKAYNE SYNDROME GROUP A: WD-REPEAT PROTEIN (CSA PROTEIN) I 


EXCISION REPAIR PROTEIN ERCC-6 (CSB) I 


IBASIC TRANSCRIPTION FACTOR 62 KD SUBUNIT (p62)(BTF2p62) I 


iBASIC TRANSCRIPTION FACTOR 2. 44 KD SUBUNIT (BTF2p44) I 


iBASIC TRANSCRIPIION FACTOR 2. 34 KD SUBUNIT (BTF2p34) 1 


BASIC TRANSCRIPTION FACTOR Z 62 KD SUBUNIT (BTF2p52) | 


IDNA EXCISION REPAIR PROTEIN ERCC-1 I 
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STRESS RESPONSE REGULATORS AND EFFECTORS 


REPUCATION PROTEIN A 70 KD DNA-BINDING SUBUNIT (RP-A) (RF-A) (REPLICATION 
FACTOR-A PROTEIN )) (SINGLE STRANDED DNA-BINDING PROTEIN) 


REPUCATION PROTEIN A 32 KD SUBUNIT (RP-A) (RF-A) (REPUCATION FACTOR-A PROTEIN 
2) 


REPUCATION PROTEIN A 14 KD SUBUNIT (RP-A) (RF-A) (REPUCATION FACTOR A PROTEIN 
3) 


REPUCATION PROTEIN A 30 KD SUBUNIT (RP-A) (RF-A) (REPLICATION FACTOR-A PROTEIN 
4) 


PROUFERATING CELL NUCLEAR ANTIGEN (PCNA) (CYCLIN) 1 


ACTIVATOR 1 36 KD SUBUNIT (REPUCATION FACTOR C 36 KD SUBUNID (RFC36) | 


ACTIVATOR \ 37 KD SUBUNIT (REPLICATION FACTOR C 37 KD SUBUNID (RFC37) | 


ACTIVATOR! 38 KD SUBUNIT (REPUCATION FACTOR C 38 KD SUBUNIT) (RFC38) | 


ACTIVATOR 1 40 KD SUBUNIT (REPUCATION FACTOR C 40 KD SUBUNIT) (RFC40) | 


ACTIVATOR 1 140KD SUBUNIT (REPUCATION FACTOR C LARGE SUBUNIT) (Al 140 KD 
SUBUNID (RF-C 140 KD SUBUNID (ACTIVATOR 1 LARGE SUBUNID (DNA-BINDING PROTEIN 
PO-GA) 


DNA POLYMERASE ALPHA 1 


DNA POLYMERASE DELTA CATALYTIC CHAIN 1 


GROWTH ARREST AND DNA-DAMAGE-INDUCIBLE PROTEIN GADD-45 (DNA-DAMAGE 
INDUCIBLE TRANSCRIPT 0 (DDITl) (GA45) 


GROWTH ARREST AND DNA-DAMAGE-INDUCIBLE PROTEIN GADD153 (DNA-DAMAGE 
INDUCIBLE PROTEIN) (CHOP). 


iHomoloaous recombination 1 


IDNA REPAIR PROTEIN RAD50 1 


IDNA REPAIR PROTEIN RAD51 HOMOLOG 1 


DNA REPAIR PROTEIN RAD52 HONOLOG 


IX-LINKED HEUCASE II (X-UNKED NUCLEAR PROTEIN) (XNP) (RAD54L) (XH2) I 


IDNA REPAIR PROTEIN RAD54 HOMOLOG 1 


IBREAST CANCER TYPE 1 SUSCEPTIBILITY PROTEIN (BRCAl) | 


iBREAST CANCER TYPE 2 SUSCEPTIBIUIY PROTEIN (BRCA2) I 


ImEIOTIC RECOMBINATION PROTEIN DMCl/UM 16 HOMOLOG | 


DNA UGASE IV (POLYDEOXYRIBONUCLEOTIDE SYNTHASE (ATP)) (DNL4) I 
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TRESS RESPONSE REGULATORS AND EFHiClOkS 
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GLUTATHIONE REDUCTASE — 

'GLUTATHIONES-TRANSFERASE MICROSOMAL _ 

" GLUTATHIONE S-TRANSFERASE M4 (GLUTATHIONE S-TRANSFERASE MU 1) 


Rl I ITATHIONE S-TRAN5l-tKA:)t V — 

GLUTATHIONE S-TRANSFERASE AM fGlutothione S-fransferase (tobij no subunil 1) 

GLUTATHIONE PEROXIDASE — 
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.IRESS RESPONSE REGULATORS AND EFFECTORS 


JDP-GLUCURONOSYLTRANSFERASE M PRECURSOR, MICROSOMAL ltu ;i.4.i.i/j 
UDPGT) (UGM A) (UGTIM) (UGTl-01) (UGTl.l) (UGTlAl) (BlURUBIN SPECIFIC ISOZYME 
)(UGT1A)(HUG-BR1) UGTl ORGNTl. 


JDP-GLUCURONOSYLTRANSFERASE 1-2 PRECURSOR, MICROSOMAL (tC lA. I.I/) 
:UDPGT) (UGMB) (UGTr2) (UGTl-02) (UGT1.2) (UGT1A2) (UGTIB) (HLUGP4) UGTl OR 
3NT1. 


UDP-GLUCURONOSYLTRANSFERASE 1-3 PRECURSOR, MIU<U5Uivi/\L ^ti- 2.4. I.I/) 
(UDPGT) (UGT-IC) (UGTl'S) (UGTl-03) (UGT1.3) (UGT1A3) (UGTIC) UGTl OR GNTl. 


UDP-GLUCURONOSYLTRANSFERASE 1-4 PRECURSOR, MICKUSUM/\L ^t<^ 2.4. 1. 1 /) 
(UDPGT) (UGT-ID) (UGTl'4) (UGTl -04) (UGTl .4) (UGT1A4) (UGTID) (BILIRUBIN SPECIFIC 
ISOZYME 2) (HUG-BR2) UGTl OR GNTl . 


UDP-GLUCURONOSYLTRANSFERASE 1-6 PRECURSOR, MICROSOMAL (tu i.4. 1 . 1 /j 
(UDPGD (UGT-IF) (UGTr6)(UGTl-06) (UGT1.6) (UGTIAA) (UGTl F) (PHENOL SPECIFIC) 
UGTl ORGNTl. 


CYTOCHROME P450 IVAl 1 (EC 1.14.14.1)(FRAGMtNI)CYMA-M. 


ARYLSULFATASE E PRECURSOR (EC 3.1.6.-) (ASE) Al«fc. 


BLEOMYCIN HYDROLASE (EC 3.4.22.-) (BLM HYDROLAbt). 


CATECHOL O-METHYLTRANSFERASE, MEMBRANE-BOUND FORM (EC 2. 1 . 1 .6) (MB-UUMi j 
(CONTAINS: CATECHOL O-METHYLTRANSFERASE. SOLUBLE FORM (S-COMT)) COMT. 


COPROPORPHYRINOGEN III OXIDASE PRECURSOR (EC 1.3.3.3) 
rrOPROPORPHYRlNOGENASE) (COPROGEN OXIDASE) (COX) CPO. 


InaDH-CYTOCHROME B5 REDUCTASE (EC 1 .6.2.2) (B5R) DIA 1 . 1 


ACYL-COA DEHYDROGENASE. SHORT/BRANCHED CHAIN SPfcCIHC HI<t<-UI<bUi< 
1 .3.99.-) (SBCAD) (2-METHYL BRANCHED CHAIN ACYL-COA DEHYDROGENASE) (2- 
MEBCAD) ACADSB. 


ALDEHYDE DEHYDROGENASE. DIMERIC NADP-PREFERRING (EC 1 .2. 1 .5) (CLASS J) 
ALDH3. 
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CO 
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J04093 
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M74542 
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Table 5 (Cont) 
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Oncogene and Tumor Suppressor Gene Array 

In the oncogene and tumor suppressor gene array according to the subject invention, 
all of the unique polynucleotide probe compositions correspond to genes that are associated 
with cellular proliferative diseases, specifically neoplastic diseases. Genes of interest that 
may be represented on the array include: oncogenes and tumor suppressor genes. In a 
specific oncogene and tumor suppressor gene array of interest, the spots are as provided in 
Table 6. 
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Table 6 
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Table 6 (Cont) 
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Table 6 (Cont) 



< 

o 

2: 
o 

X 

o 
o 



DC 

o 
< 



s 

CL 

c 

0) 



LU 
QC 
LU 
U. 
U. 

Q 

cc 

< 
UJ 

-J • 
o 

ZD 



111 
o 



o 

Q. 
O) 

c 

X3 

c 

< 

O 

c 
a> 

e 

I 

'in 
c 

03 
i/i 

d) 
c/> 
CO 

o 



LU 

»- 
O 

CC 

o. 
>- 
cc 
o 



8 

Q. 

.0 
cx 



E 



LU 
CO 
< 



Q. 
O 



< 

o 

13 



oi: 



LU 
>- 



UJ 

O 
cc 
a. 

a 

:e 
cc 
o 

u. 

CO 

< 

CC 



LU 

CC 
CL 

O 

a 
cn 

X 

O 

CD 



ID 

a 

LU 

cc 

LU 
Q 

o 

lU 

-J 
o 



< 



LU 
CO 
< 
Q 

2 

O 

CC 

—J 
< 

X 



LU 
t- 

o 
cc 
a. 

lU 

2 

CO 

o 
cc 
>- 

H- 
LU 
2 
LU 

O 

o 
o 



LU 
CC 
LU 
LL 
U. 

O 
< 

O 
2 

LU 



cc 
o 



LU 
»- 

o 

cc 

Ql 

a 
2 

< 

cc 

LU 



2 ^ 
"T CM 
ill Q. 
Q < 
O O 



CM O 
tcL 



CO 
X «> 

11 



02 



to z 

p! O 
o !X 
oc < 

oi 

|a 

o lZ 

CO < 
CO 5 



c 

*© 

2 

CL 

5 
o 



cc 

i 



CO 2 
^1 



o 
cc 

CO 

cf) 

CO 



c\i 
O 

LU 

o 
cc 

CO 
LU 
CO 
< 
2 

2 
LU 
I— 

o 
cc 
ex. 

LU 

2 ' 
CO 

O 
cc 
> 
»— 

LU 
2 
LU 

a 
o 
o 
2 
o 
6 

o a 

X X 

a. CO 



Q) 

S 

Q. 
03 

CO 

2 

cn 



3 
E 



Q> 
C 
0} 
C3> 
O 

c 
o 

I 

o 

9 
a. 



< 
O 
X 
X 

2 
LU 
h- 

o 

X 

o 

2 
X 

o 

u. 

CO 
2 
< 
X 



LU 
I- 

o 

X 
X 

o 

X 
< 
Q 
< 
CQ 
X 
CO 



LU 
X 

o 

2 
CO 

< 

LU 
-J ' 
LU 
X 
LU 

9 
o 

LU 

O 

2 

LU 
2 

2 
< 

CD 



O 

o 
o 

2 
LU 

o 

X 
X 

X 

o 

CO 
CO 
LU 
X 
X 
Q. 
3 
CO 
X 

o 



c 

CO 

m 

c 

03 

a 



o 
in 



CM 
CO 

o 

CM 

o 
3 



CD 

in 
o 

CO 

o 
3 



CO 
CO 
CM 

o 

3 



CO 

in 

CM 



CJ> 

m 

o 
3 



CD 



O) 

in 
X IX 



CM 
CO 

o 

if ^ 

CM CO 

I— o 
X X 



CM 
rr 
O 
in 
r- 
X 



o 

GO 

o 
m 

CM 



CM 
CO 

in 

X 



CM 
CO 
r— 
CO 

!X 



-106- 



wo 98/53103 



PCT/US98/10561 



Table 6 (Cont) 
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Table 6 (Cont) 



Gene Name 1 


CYCLIN-DEPENDENT KINASE INHIBITOR 1C (CYCLIN-DEPENDENT KINASE INHIBITOR 
P57) (P57KIP2) 


EB1 1 


PROTO-ONCOGENE C-CBL 1 


ATAXIA TELANGIECTASIA (ATM) 1 


RACH1 1 


INTEGRIN-LINKED KINASE (ILK) [MIXED LINEAGE KINASE ZJ 1 


C-1 1 


FOCAL ADHESION KINASE (tyrosine kinase fTnkl )) 1 


MOTHERS AGAINST DPP PROTEIN (chromosome 4 Mad homolog Smadi; iranslorming 
arowth factor-beta signaling protein-1 (bsp-l)l 


semaphorin (CD100) 1 


TUMOR SUPPRESSOR PROTEIN DCC (neogenln) 1 


DNA REPAIR PROTEIN RAD50 1 


cdc25B; M-PHASE INDUCER PHOSPHATASE 2 (EC 3.1 .3.48). (CDC25HUZ) 1 


CYCLIN-DEPENDENT KINASE 4 INHIBITOR B (P14-INK4B) (P15-INK4B) (MULTIPLE 
TUMOR SUPPRESSOR 2) (MTS2) (CDKN2B). 


LACTOFERRIN (DELTA) 1 


IRBA/D4B 1 


iRBOl retinoDlastoma binding protein 1 


I5T4 ONCOFETAL ANTIGEN j 


1 E2F-related transcription (actor (DP-1 ) j 


ISERINEH-HREONINE PROTEIN KINASE PITALRE j 


Isemaphorin III 1 


Krizzled 1 


(0 

vn 

5 


liunB TRANSACTIVATOR 1 


lcdc25C: M-PHASE INDUCER PHOSPHATASE 3 (EC 3.1.3.48). 1 


iNolchI 1 


Iral.b- 1 


Inotch aroup protein (N) 1 


IE2F-5 1 


semaphorin V 1 


GenBank « 1 


U22398 
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Is 
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Cell-Cell Interaction Array 

In the cell-cell interaction array according to the subject invention, all of the unique 
polynucleotide probe compositions correspond to genes that are associated with cell-cell 
interaction, e.g. cell-cell signaling. In a specific cell-cell interaction array of interesu the 

spots are as provided in Table 7. 
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Table 7 



CELL INTERACTION (Gene Names) 


TUMOR NECROSIS FACTOR RECEPTOR (Tumor necrosis factor receplor 2| 1 


TUMOR NECROSIS FACTOR [TNFal 1 


LYMPHOTOXIN-ALPHA (formerly tumor necrosis faclor beta (TNF-beta)l I 


T-CELL SURFACE GLYCOPROTEIN CD4 1 


VITRONECTIN RECEPTOR ALPHA (Inlegrin. alpha V; antigen CD51| I 


TYROSINE-PROTEIN KINASE RECEPTOR EPH-3 1 


TYROSINE-PROTEIN KINASE CAK (Tyrosine kinase, receplor TKT] I 


TYROSINE-PROTEIN KINASE RECEPTOR EPH 1 


UROKINASE PLASMINOGEN ACTIVATOR SURFACE RECEPTOR, GPI-ANCHORED 
FORM PRECURSOR (U-PAR) (MONOCYTE ACTIVATION ANTIGEN M03) (CD87 
ANTIGEN) 


TUMOR NECROSIS FACTOR RECEPTOR [Tumor necrosis faclor receptor 1 (55kD)) | 


CATION-INDEPENDENT MANNOSE-6-PHOSPHATE RECEPTOR [insuline-like growth 
factor receplor II, IGFR-21 


CD40 1 


CD27 {CD70 ANTIGEN) 


ICD30 1 


llGFBP-2 (INSULIN-LIKE GROWTH FACTOR BINDING PROTEIN 2 1 


ICD27L RECEPTOR (T cell activation antigen (CD27)] 1 


IFASL RECEPTOR [Fas antigen, APO-1 antigen) 1 


ICD30L RECEPTOR (Lymphocyte activation antigen CD30; Ki-1 antigen ) I 


CD40L RECEPTOR [Cdw40 nen/e growth factor receptor-related B-lymphocyte activation 
molecule] 


ALPHA-CATENIN (CADHERIN-ASSOCIATED PROTEIN) (ALPHA E-CATENIN) 


integrin alpha9 


1 INTERCELLULAR ADHESION MOLECULE-1 1 


ILEUKOSIALIN [sialophorin (CD43)] 1 


MERLIN (SCHWANNOMIN) (moesin-ezrin-radixin-like prolein)(neurofibromalosis 2) 
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Cytokine and Cytokine Receptor Array 

In the cytokine and cytokine receptor array according to the subject invention, all of 
the unique polynucleotide probe compositions correspond to genes that express cytokines or 
cytokine receptors. In a specific cytokine and cytokine receptor array of interest, the spots 
are as provided in Table 8. 



wo 98/53103 



PCT/US98/10561 



Table 8 



lU < 

OS 



(3 



lb 



CD o 

CD x: 
QC 0) 



P R 



liJ 



Icr 



111 



O ja 
^1 



LU 



aiiuj Hi 



ociccicc cc 

LU LU ; LU lU 



o ^ 
cc ^ 



o 

CD 

UL 
O 



UJ 
O 
Lii 



O 



<3 



52 tr: 

CO (D 

2 CM X- 
O z flC 

CC CM 

w o - 
DC ojc 

^ X : 
o in t 



O 
UJ 



S2 



CC CC 

op 

op 
< < 

U. U- 



CO 



op 
cr cc 
op 

UJ UJ 

-J -J 

_ll-J 

cn w 
z 2: 



CD 



LU 
CC ^ 

CC 

O E 

CQ 



2 52 

CO 



52 2 

UJ 

UJ Q. 

" o 

i| 

CD 



cc = 



coif 



IX 



tu _J 
> Q. 



UJ 



CQ 



> 3 

III 



P 

CD 



O 



LU 



UJ 



o 



o 



UJ 



o 



< 5 

-J n 



LU 



LU 



o o 
52 »- < 

X UJ u^ 



< ;? ?s 



- p 

UJ ul 



O X 



CD X O 



5 CC 



C3- 1 — 



=; CO _ 

z Z Ui 

S 5^ X Ij 

3 3 XUJ 
UJ LU CC O 

zlz<l; 



^ 2; ® Un 
CO t; 00 
g S g 



cn ^ 



CO"'- 



p 



op 



9 £ 
so 

P Q 



cn X 



CO 



-2 X pc H- 



X H « 

CL LU U 

m p 
±\± 2: X 

— — GO 
><: X UJ 
=> ?. S 2 



ul p u. 



XX 



tx 



tit 



ZI3 



x^ 2 O 

H- 313 ^ 

O uj|iy g 
~ xlxO 



CD , CD 



-J 
iio 



a, w z 

O Ui 

lit 

Uio 

ax 



=Jx 



— CO 



o 



o 



CO 



p 



op 
xp 



Ui 



< 

X 
0- 

< 
z 
o 

LU 



X 
LU 



0 LU 

ceIu- 
o 

z z 

1 LU 



>■ 

p 

s 

3 
LU 



CO 



CO 

o 
61 



UJ 



O UJ 

z m 
»- X 
<p 

m 

U-iP LJ- 

XP X O 

o op X 
o;0 o § 

—10 



LU 
CQ 

X 

o 

^- 
a. 

LU 

P 

Ui 

X 



z z 

13 3 
Ui LU 

— ' =d 
XX 



2 X|CClxi3.5 Z 



CO 



*Q ^ 

CM O O 

S X.3 



1 



i I . . 



S O-O Q:o 
ZLX X 



:Xi- 



-121- 



wo 98/53103 



PCT/US98/10561 



Table 8 (Co^4T) 



1 

1 


























































1 
1 

1 

1 
1 

1 


! 






SeneName 1 


MTFRIFtlKIN.r^RFnEPTOR ALPHA CHAIN I 


MTFRI FIJKIN.4 RECEPTOR ALPHA CHAIN 1 


iMTFRl Fl IklM.q RFf^PPTOR ALPHA CHAIN I 


IMTFRFFROM ALPHA-BETA RECEPTOR BETA CHAIN 1 


-,AMMA INTFRFERON INDUCED MONOKINE [Humigl 1 


CYTOKINE RECEPTOR COMMON GAMMA CHAIN [Inlerieuktn 2 receptor gamma chain) 


ANnROGEN RECEPTOR 1 


nil lARY NEUROTROPHIC FACTOR RECEPTOR ALPHA 1 


INITFRFERON-GAMMA RECEPTOR ALPHA CHAIN | 


FRYTHROPROTEIN RECEPTOR 1 


r Al r.lTONIN RECEPTOR | 


THRfiMRlN RECEPTOR ICoaoulation factor II (thrombin) receptor] 1 


TRANSPORMING GROWTH FACTOR-BETA TYPE III RECEPTOR 1 


INTERLEUKtN-9 RECEPTOR 1 


INTFRI EUKIN.10 RECEPTOR - 1 


1 nw-AFFINITY NERVE GROWTH FACTOR RECEPTOR 1 


TYROSINE-PROTEIN KINASE RECEPTOR TIE-1 PRECURSOR (EC 2.7.1.112). 


VASCULAR ENDOTHELIAL GROWTH FACTOR RECEPTOR 3 PREUUH5UH (bU 
2.7.1.112) (VEGFR-3) (TYROSINE-PROTEIN KINASE RECEPTOR FLT4. CLASS III). 


THROMBOMODULIN ^ 


lAwninTFNRIN II RECEPTOR TYPE-1A 


TYflnRINF.PROTEIN KINASE RECEPTOR ETK1 


IfmIP-RFIATED RECEPTOR 1 


Itramc;MFMRRANF RECEPTOR ROR1 


VASCULAR ENDOTHELIAL GROWTH FACTOR RECEPTOR 2 PRECURSOR (EC 
9 7 1 11P1 <VEGFR-21 (KOm (KINASE INSERT DOMAIN RECEPTOR) (FRAGMENT) 


liMTFRFFRON CONSENSUS SEQUENCE BINDING PROTEIN IDNA-bindlng prolelnl 


ItyrOSINE-PROTEIN KINASE RECEPTOR EPH-3 


Itrk.n 


ITYROSINE-PROTEIN KINASE CAK fTyroslne kinase, receptor TKT] 


EPIDERMAL GROWTH FACTOR RECEPTOR PRECURSOR (EC 2.7.1.112). (tCihH) 
(ERBB1) 

PI ATFl Ft ACTIVATING FACTOR RECEPTOR 


ItyrORINE-PROTEIN KINASE RECEPTOR EPH 


1 INTERFERON-GAMMA RECEPTOR 


ItYROSINE KINASE RECEPTOR TRK-B 


QenBank # \i 


1 
1 

i 

00 CM 

' 


j 

i 

J 

TT 'CO 


X72755 ( 


□11086 < 


OJ 

cr 
o 


cc 

<n 

CM 

cr 
1^ 


J03143 ! 


M6045g 


IT 

g 


M62424 


in 


MB4747 


CM 

co 
o 

§ 


ft 

CO 


X60957 


X68203; 
(X69B78; 
IJ431431 


IM16552 


c 
a 

CN 

oc 
2 


Ma3941 


M76673 


IT 

a 


CO 

riS >< 


" CD 

Ji 


X75208 


U05012 


X74764 


K03193; 
(X00588; 
X00663; 
U48722) 
D 10202 


1 
1 

|!g 


1U12140 




1 


i 

1 














1 

1 
1 
1 


1 










1 








j 

1 
1 










i i 

I 
1 

1 
1 


I 
i 



wo 98/53103 



Table 8 (Cont) 



PCTAJS98/10561 



CQ 

CC 

o 

h- 
O 
< 

O 

l«i< 



CC 

o 

LU 

o 

LU 
CC 
CC 

o 
< 

LJ. 

X 



CO 
CD 



lOQ !^ 

I 
I 



X 

E 

LUi 

o, 

ois: 

oo 

Z UJ 

OF 

GC LU 
Q. _ 

UJ O 
^2 
m LU 
< X 
cs o 

OulQ 



2 2 

xlx 



o o 

olo 



UJ 

GC 
O. 

O 
UJ 

o 

s 

a: 
o 

2 

Ui 

O 



2*: 
z 

UJ 

■15 

tE 

a. 

UJ 

z 
cn 
O 

CC 

>- 
^- 

LU 
UJ 

O 
O 

o 
z 
o 

6 
1— 
o 

CC 



- o 

CD 

w CM!CO 

S 



Ui 



Z -J 

en ^ 

UJ 

=i 

^ Q 

r^* Z 
cviUJ 

O < 

cn "J 

CE < 
Ui ^ 

°^ 2 



2 ^ 

^ Hi 

i*: o 

a. 2 
lij ^ 
z z 

Ui 



LU 
< 



' CC 



CD 



CD 



OlO 



cr 

i 

< 

Z 



CE 
LU 



O 
LU 

z 
+ 

CE 



O 
DC 
iD 
-J 

< . 

-J 

C3 

\- 

Z 

i§ 

O Ui 
O CE 
LU UJ 
CE X 



Xl^: 



if to in 

OJ «^ 
OJ 2C 

o 2 



5 



C3. 
O 
Q. 



Ui 



z 

UJ 

a 
o 

X 

Q_ 
CC 
O 



^ S ^ IT 



UJ 



CVliCM 



LU 
O 

oc 
a. 
o 

& 
z 

Ui 



UJ 



CD 



CO 

cvj Q 



CD 



2!2!212 5. 



wo 98/53103 



PCT/US98/10561 



Table 8 (Cont) 



j 

t 




1 




















































i 






Gene Name 


BONE MORPHOGENETIC PROTEIN 3 1 


MACROPHAGE INFLAMMATORY PROTEIN 1-ALPHA (G0S19-1| I 


MONOCYTE CHEMOTACTIC PROTEIN 1 1 
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ONCOSTATIN M 1 
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INSULIN-LIKE GROWTH FACTOR BINDING PROTEIN 1 1 
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VASCUUR ENDOTHELIAL GROmH FACTOR PRECURSOR (VEGF) (VASCULAR 
PERMEABILITY FACTOR) (VPF). 


tGFBP.2 riNSULIN-LIKE GROWTH FACTOR BINDING PROTEIN 2 1 
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anoioDoietin-l 1 
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cytotoxic liqand TRAIL receptor 1 
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lunatic frinqe 1 


FGF2; HEPARIN-BINDING GROWTH FACTOR 2 PRECURSOR (PROSTATROPIN). (HBGF- 
2^ (BASIC FIBROBLAST GROWTH FACTOR) (BFGF) (PROSTATROPIN) 


sonic hedcehoQ (SHH) 1 


BONE MORPHOGENETIC PROTEIN 5 1 


IBONE MORPHOGENETIC PROTEIN 6 1 


IbONE MORPHOGENETIC PROTEIN 7 (OSTEOGENIC PROTEIN 1) 1 


GROWTH INHIBITORY FACTOR (METALLOTHIONEIN-III) (MT-III) 


IHGF AGONIST/ANTAGOINST i 


ISDFI A (ore-B cell stimulating factor homologue) 1 


IBCGFI (B-cell growth factor) 1 


FGFR3 (FLG.2) 


COMPETITIVE HEPATOCYTE GROWTH FACTOR ANTAGONIST. AN ALTERNATIVE 
TRANSCRIPT OF THE HEPATOCYTE GROWTH FACTOR PRECURSOR (SCATTER 
FACTOR) (SF) (HEPATOPOEITIN A) 


Irizzled-relaled FrzB (Fritz) (frezzled (fre)) ! 


CYSTEINE-RICH FIBROBLAST GROWTH FACTOR RECEPTOR [Golgi membrane 
sialoatvcoorolein MG160 (GLG1)) 


VASCULAR ENDOTHELIAL GROWTH FACTOR B PRECURSOR (VEGF-B) + VEGF 
RELATED FACTOR ISOFORM VRF1 86 PRECURSOR 
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FACTOR-3)(HBGF-3). 


1 FGF-5; FIBROBUST GROWTH FACTOR-S PRECURSOR (HBGF-5). 
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Gene Name 


lFHF-1 1 


Irftangf 1 


IrP.tinoic add receolor aloha IRETINOIC ACID RECEPTOR RXR-ALPHA (RXRA)] I 


IfGF.6: FIBROBLAST GROWTH FACTOR-6 PRECURSOR (HBGF-6) {HST-2). 1 


FAU 1 


GenBank # 1 


U66197 


X52599 


X52773 


X63454. 


X65923 
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Cell Cycle Array 

In the cell cycle array according to the subject invention, all of the unique 
polynucleotide probe compositions correspond to genes that are associated with the life cycle 
of a cell. In a specific cell cycle array of interest, the spots are as provided in Table 9. 
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NEDD5 PROTEIN HOMOLOG. 


E2F-related transcription (actor (DP-1 ) 
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Other Representative Arrays 

In a neuroarray according to the subject invention, all of the unique polynucleotide 

probe compositions will correspond to genes that are expressed in brain related tissues. 

Genes that are represented on the array are key genes, by which is meant that they have been 
5 reported to play primary roles in a variety of different biological processes in brain tissues. 

Genes of interest that may be represented on the array include: ion channel/transport 

proteins; receptors; cell cycle regulators; stress response proteins; apoptosis proteins; signal 

transduction proteins; transcriptional factors; growth factors/interleukins/hormones; 

oncogenes and tumor suppressors; cell surface/adhesion proteins; DNA 
10 synthesis/repair/recombination genes; and metabolic pathway enzymes. 

In certain embodiments, of particular interest is an array having the following types 

of genes represented on its surface: nuclear proteins; endoplasmic reticulum proteins; golgi 

complex proteins; endosomal proteins; lysosomal proteins; peroxisomal proteins; 

mitochondrial proteins; cytoplasmic proteins; cytoskeletal proteins; plasma membrane 
1 5 proteins; post synaptic and dendritic proteins; axonal and nerve terminal proteins; secreted 

proteins, neuropeptides, hormones and growth factors; extracellular matrix proteins; 

astrocyte and oligodendroglial proteins; immune system proteins; developmentally regulated 

proteins; regionally regulated proteins; and disease related proteins. 

Other representative arrays include: (1) rat arrays, in which each of the unique 
20 polynucleotide corresponds to a key rat gene; (2) blood arrays, in which each unique 

polynucleotide corresponds to a gene associated cells and tissues associated with the 

cardiovascular system; (3) rat stress arrays; and (4) mouse stress arrays, in vvhich each 

unique polynucleotide corresponds to a gene associated with the stress response of murine 

cells. 

25 

Methods OF Using THE Subject Arrays 

The subject arrays find use in a variety of different applications in which one is 
interested in detecting the occurrence of one or more binding events between target nucleic 
30 acids and probes on the army and then relating the occurrence of the binding event(s) to the 
presence of a target(s) in a sample. In general, the device will be contacted with the sample 
suspected of containing the target under conditions sufficient for binding of any target 
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present in the sample to a complementary polynucleotide present on the array. Generally, the 
sample will be a fluid sample and contact will be achieved by introduction of an appropriate 
volume of the fluid sample onto the array surface, where introduction can be pipette, 
deposition, and the like. 

Generation of Labeled Target 

Targets may be generated by methods known in the art. mRNA can be labeled and 
used directly as a target, or converted to a labeled cDNA target. Generally, such methods 
include the use of oligonucleotide primers. Primers that may be employed include oligo dT, 
random primers, e.g. random hexamers and gene specific primers. 

Of particular interest in the generation of labeled target is the use of a set of a 
representational number of gene specific primers, as described in U.S. Patent Application 
No. 08/ 859,998, the disclosure of which is herein incorporated by reference. As the subject 
sets comprise a representational number of primers, the total number of different primers in 
any given set will be only a fraction of the total number of different or distinct RN As in the 
sample, where the total number of primers in the set will generally not exceed 80 %, usually 
will not exceed 50 % and more usually will not 20% of the total number of distinct RNAs, 
usually the total number of distinct messenger RNAs (mRN As), in the sample. Any two 
given RNAs in a sample will be considered distinct or different if they comprise a stretch of 
at least 100 nucleotides in length in which the sequence similarity is less than 98%, as 
measured using the FASTA algorithm at default settings. As the sets of gene specific primers 
comprise only a representational number of primers, with physiological sources comprising 
from 5,000 to 50,000 distinct RNAs, the number of different gene specific primers in the set 
of gene specific primers will typically range from about 20 to 10,000, usually from 50 to 
2,000 and more usually from 75 to 1 500. 

Each of the gene specific primers of the sets described above will be of sufficient 
length to specifically hybridize to a distinct nucleic acid member of the sample, e.g. RNA or 
c DNA, where the length of the gene specific primers will usually be at least 8 nt, more 
usually at least 20 nt and may be as long as 25 nt or longer, but will usually not exceed 50 nt. 
The gene specific primers will be sufficiently speciflc to hybridize to complementary 
template sequence during the generation of labeled nucleic acids under conditions sufficient 
for first strand cDNA synthesis, which conditions arc known by those of .skill in the art. The 
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number of mismatches between the gene specific primer sequences and their complementary 
template sequences to which they hybridize during the generation of labeled nucleic acids in 
the subject methods will generally not exceed 20 number %, usually will not exceed 10 
number % and more usually will not exceed 5 number %. 
5 Generally, the sets of gene specific primers will comprise primers that correspond to 

at least 20, usually at least 50 and more usually at least 75 distinct genes as represented by 
distinct mRNAs in the sample, where the term "distinct" when used to describe genes is as 
defined above, where any two genes are considered distinct if they comprise a stretch of at 
least 100 nt in their RNA coding regions in which the sequence similarity does not exceed 

1 0 98%, as determined using the FAST A algorithm at default settings. 

The gene specific oligonucleotide primers may be synthesized by conventional 
oligonucleotide chemistry methods, where the nucleotide units may be: (a) solely nucleotides 
comprising the heterocyclic nitrogenous bases found in naturally occurring DNA and RNA, 
e.g. adenine, cytosine, guanine, thymine and uracil; (b) solely nucleotide analogs which are 

1 5 capable of base pairing under hybridization conditions in the course of DNA synthesis such 
that they function as the above nucleotides found in naturally occurring DNA and RNA, 
where illustrative nucleotide analogs include inosine, xanthine, hypoxanthine, 1,2- 
diaminopurine and the like; or (c) from combinations of the nucleotides of (a) and nucleotide 
analogs of (b), where with primers comprising a combination of nucleotides and analogues 

20 thereof, the number of nucleotide analogues in the primers will typically be less than 25 and 
more typically less than 5. The gene specific primers may comprise reporter or hapten 
groups, usually 1 to 2, which serve to improve hybridization properties and simplify 
detection procedure. ^ 

Depending on the particular point at which the gene specific primers are employed in 

25 the generation of the labeled nucleic acids, e.g. during first strand cDNA synthesis or 
following one or more distinct amplification steps, each gene specific primer may 
correspond to a particular RNA by being complementary or similar, where similar usiially 
means identical, to the particular RNA. For example, where the gene specific primers arc 
employed in the synthesis of first strand cDNA, the gene specific primers will be 

30 complementary to regions of the RN As to which they correspond. 

Each gene specific primer can be complementary to a sequence of nucleotides which 
is unique in the population of nucleic acids, e.g. mRNAs, with which the primers arc 
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contacted, or one or more of the gene specific primers in the set may be complementary to 
several nucleic acids in a given population, e.g. multiple mRNAs, such that the gene specific 
primer generates labeled nucleic acid when one or more of set of related nucleic acid species, 
e.g. species having a conserved region to which the primer corresponds, are present in the 
sample. Examples of such related nucleic acid species include those comprising: repetitive 
sequences, such as Alu repeats, Al repeats and the like; homologous sequences in related 
members of a gene-family; polyadenylation signals; splicing signals; or arbitrary but 

conversed sequences. 

Depending on the particular nature of the labeled nucleic acid generation step of the 
subject methods, the gene specific primers may be modified in a variety of ways. One way 
the gene specific primers may be modified is to include an anchor sequence of nucleotides, 
where the anchor is usually located 5' of the gene specific portion of the primer and ranges in 
length from 10 to 50 nt in length, usually 15 to 40 nt in length. The anchor sequence may 
comprise a sequence of bases which serves a variety of functions, such as a sequence of 
bases which correspond to the sequence found in promoters for bacteriophage RNA 
polymerase, e.g. T7 polymerase, T3 polymerase, SP6 polymerase, and the like; arbitrary 
sequences which can serve as subsequent primer binding sites; and the like. 

Tuming now to the methods employing the above sets of gene specific primers, the 
first step in the subject methods is to obtain a sample of nucleic acids, usually RNAs, from a 
physiological source, usually a plurality of physiological sources, where the term plurality is 
used to refer to 2 or more distinct physiological sources. The physiological source of RNAs 
will typically be eukaryotic, with physiological sources of interest including sources derived 
single celled organisms such as yeast and multicellular organisms, including plants and 
animals, particulariy mammals, where the physiological sources from multicellular 
organisms may be derived from particular organs or tissues of the multicellular organism, or 
from isolated cells derived therefrom. Thus, the physiological sources may be different cells 
from different organisms of the same species, e.g. cells derived from different humans, or 
cells derived from the same human (or identical twins) such that the cells share a common 
genome, where such cells will usually be from different tissue types, including normal and 
diseased tissue types, e.g. neoplastic, cell types. In obtaining the sample of RNAs to be 
analyzed from the physiological source from which it is derived, the physiological source 
may be subjected to a number of different processing steps, where such processing steps 
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might include tissue homogenation, nucleic acid extraction and the like, where such 
processing steps are known to the those of skill in the art. Methods of isolating RN A from 
cells, tissues, organs or whole organisms are known to those of skill in the art and are 
described in Maniatis et aL, Molecular Cloning: A Laboratory Manual (Cold Spring Harbor 
5 Prcss)(1989). 

The next step in the subject methods is the generation of labeled nucleic acids 
representative of the nucleic acid, usually RNA, profile of the physiological source. As 
mentioned above, a set of gene specific primers is used to generate the labeled nucleic acids 
from the sample of RNAs, where the labeled nucleic acids generated in this step may serve 
1 0 as "target'' in subsequent assays in which the differences in the RNA profiles of at least two 
sources are analyzed. As used herein, the term "target" refers to single stranded RNA, single 
stranded DNA and double stranded DNA, where the target is generally greater than 50 nt in 
length. 

The set of primers may be used either in first strand cDNA synthesis or following 

15 one or more amplification steps. Furthermore, the actual synthesis of the labeled nucleic 
acids may be at the same step during which the sets of gene specific primers are employed, 
or the synthesis of the labeled nucleic acids may be one more steps subsequent to the step iii 
which the sets of gene specific primers are employed. 

In a first embodiment of the invention, the set of gene specific primers is used to 

20 generate labeled first strand cDNA, where the labeled first strand cDNA is representative of 
the RNA profile of the physiological source being assayed. The labeled first strand cDNA is 
prepared by contacting the RNA sample with the primer set and requisite reagents under 
conditions sufficient for reverse transcription of the RNA template in the sample. Requisite 
reagents contacted with the primers and RNAs are known to those of skill in the art and will 

25 generally include at least an enzyme having reverse transcriptase activity and dNTPs in an 
appropriate buffer medium. 

A variety of enzymes, usually DNA polymerases, possessing reverse transcriptase 
activity can be used for the first strand cDNA synthesis step. Examples of suitable DNA 
polymerases include the DNA polymerases derived from organisms selected from the group 

30 consisting of a thermophilic bacteria and archaebacteria, retroviruses, yeasts, Neurosporas, 
Drosophilas, primates and rodents. Preferably, the DNA polymerase will be selected from 
the group consisting of Moloney murine leukemia virus (M-MLV) as described in United 

-140- 



wo 98/53103 



PCT/OS98/10561 



States Patent No. 4.943,53 1 and M-MLV reverse transciptase lacking RNaseH activity as 
described in United States Patent No. 5,405,776 (the disclosures of which patents are herein 
incorporated by reference), human T-cell leuicemia virus type I ( HTLV-I ), bovine leukemia 
virus ( BLV ), Rous sarcoma virus (RSV ), human immunodeficiency virus ( HIV ) and 
Thermus aquaticus ( Taq ) or Thermus thermophilus (Tth) as described in United States 
Patent No. 5,322,770, the disclosure of which is herein incorporated by reference. Suitable 
DNA polymerases possessing reverse transcriptase activity may be isolated from an 
organism, obtained commercially or obtained from cells which express high levels of cloned 
genes encoding the polymerases by methods known to those of skill in the art, where the 
particular manner of obtaining the polymerase will be chosen based primarily on factors such 
as convenience, cost, availability and the like. 

The various dNTPs and buffer medium necessary for first strand cDNA synthesis 
through reverse transcription of the primed RNAs may be purchased commercially from 
various sources, where such sources include Clontech, Sigma, Life Technologies, 
Amersham, Boehringer-Mannheim. Buffer mediums suitable for first strand synthesis will 
usually comprise buffering agents, usually in a concentration ranging from 10 to 100 fiM 
which typically support a pH in the range 6 to 9, such as tris-HCl, HEPES-KOH, etc.; salts 
containing monovalent ions, such as KCl, NaCl, etc., at concentrations ranging from 0-200 
mM; salts containing divalent cations like MgCU, Mg(OAc) etc, at concentrations usually 
ranging from 1 to 10 mM; and additional reagents such as reducing agents, e.g. DDT, 
detergents, albumin and the like. The conditions of the reagent mixture will be selected to 
promote efficiem first strand synthesis. Typically the set of primers will first be combined 
with the RNA sample at an elevated temperature, usually ranging from 50 to 95 "C- 
followed by a reduction in temperature to a range between about 0 to 60 °C, to ensure 
specific annealing of the primers to their corresponding RNAs in the sample. Following this 
annealing step, the primed RNAs are then combined with dNTPs and reverse transcriptase 
under conditions sufficient to promote reverse transcription and first strand cDNA synthesis 
of the primed RNAs. By using appropriate types of reagents, all of the reagents can be 
combined at once if the activity of the polymerase can be postponed or timed to start after 
annealing of the primer to the RNA. 

In this embodiment, one of either the gene specific primers or dNTPs. preferably the 
dNTPs, will be labeled such that the synthesized cDNAs are labeled. By labeled is meant 

-141- 



wo 98/53103 



PCT/US98/10561 



that the entities comprise a member of a signal producing system and are thus detectable, 
either directly or through combined action with one or more additional members of a signal 
producing system. Examples of directly detectable labels include isotopic and fluorescent 
moieties incorporated into, usually covalently bonded to, a nucleotide monomeric unit, e.g. 
5 dNTP or monomeric unit of the primer. Isotopic moieties or labels of interest include ^-P, 
"P, ^^S, '-^I, and the like. Fluorescent moieties or labels of interest include coumarin and its 
derivatives, e.g. 7-amino-4-methylcoumarin, aminocoumarin, bodipy dyes, such as Bodipy 
FL, cascade blue, fluorescein and its derivatives, e.g. fluorescein isothiocyanate, Oregon 
green, rhodamine dyes, e.g. texas red, tetramethylrhodamine, eosins and erythrosins, cyanine 

1 0 dyes, e.g. Cy3 and Cy5, macrocyclic chelates of lanthanide ions, e.g. quantum dye™, 

fluorescent energy transfer dyes, such as thiazole orange-ethidium heterpdimer, TOTAB, etc. 
Labels may also be members of a signal producing system that act in concert with one or 
more additional members of the same system to provide a detectable signal. Illustrative of 
such labels are members of a specific binding pair, such as ligands, e.g. biotin, fluorescein, 

1 5 digoxigenin, antigen, polyvalent cations, chelator groups and the like, where the members 
specifically bind to additional members of the signal producing system, where the additional 
members provide a detectable signal either directly or indirectly, e.g. antibody conjugated to 
a fluorescent moiety or an enzymatic moiety capable of converting a substrate to a 
chromogenic product, e.g. alkaline phosphatase conjugate antibody; and the like. 

20 In one preferred embodiment, the member of the signal producing system bound to 

the nucleotide is functional group capable of covalently binding to additional members of the 
signal producing system to generate a detectable label. Examples of such functional groups 
or moieties include amino, sulfhydryl, azido, isothiocyanate, sulfoxyl, and the like. The 
labeled target generated using such nucleotides will thus include one or more, usually a 

25 plurality of, functional moieties. For detection, the functional moieties of the modified 

nucleotides can be labeled by conjugation of a label to the functional moiety. A variety of 
suitable labels and methods for their conjugation to functional moieties are known to those 
of skill in the art. Examples include labeling of amino-modified cDNA by a succinimidyl 
ester of an appropriate dye, e.g. Alexa, Bodipy, or Cy dyes. Alternatively, label can be 

30 entrapped or bonded into structures of microscopic-sized particles. These particles can then 
be conjugated with the functional moieties of the target. 
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For each sample of RNA, one can generate labeled oligos with the same labels. 
Alternatively, one can use different labels for each physiological source, which provides for 
additional assay configuration possibilities, as described in greater detail below. 

In a variation of the above embodiment, where desired one can generate labeled RNA 
instead of labeled first strand cDNA. In this embodiment, first strand cDNA synthesis is 
carried out in the presence of unlabeled dNTPs and unlabeled gene specific primers. 
However, the primers are optionally modified to comprise a promoter for an RNA 
polymerase, such as T7 RNA polymerase, T3 RNA polymerase, SP6 RNA polymerase, and 
the like. In this embodiment, following first strand cDNA synthesis, the resultant single 
stranded cDNA is then converted to double stranded cDNA, where the resultant double 
stranded cDNA comprises the anchor sequence comprising the promoter region. Conversion 
of the mRNAxDNA hybrid following first strand synthesis can be carried out as described 
in Okayama & Berg, Mol. Cell. Biol. (1982) 2:161-170, and Gubler &. Hoffman, Gene 
(1983) 25: 253-269, where briefly the RNA is digested with a ribonuclease, such as E.coli 
RNase H, followed by repair synthesis using a DNA polymerase like DNA polymerase I, 
etc., and E.coli DNA ligase. One may also employ the modification of this basic method 
described in Wu, R, ed.. Methods in Enzymology (1987), vol. 153 (Academic Press). Next, 
the double stranded cDNA is contacted with RNA polymerase and dNTPs, including labeled 
dNTPs as described above, to produce linearly amplified labeled ribonucleic acids. For 
cDNA lacking the anchor sequence comprising a promoter region, a polymerase that does 
not heed a promoter region but instead can initiate RNA strand synthesis randomly from 
cDNA, such as core fragment of E.Coli RNA polymerase, may be employed. 

In another embodiment of the subject invention, the labeled nucleic acid generation 
step comprises one or more enzymatic amplification steps in which multiple DNA copies of 
the initial RNAs present in the sample are produced, from which multiple copies of the 
initial RNA or multiple copies of antisense RNA (aRNA) may be produced, using the 
polymerase chain reaction, as described in U.S. Pat. No. 4,683,195. the disclosure of which 
is herein incorporated by reference, in which repeated cycles of double stranded DNA 
denaturation. oligonucleotide primer annealing and DNA polymerase primer extension arc 
performed, where the PCR conditions may be modified as described in U.S. Pat No. 
5,436,149. the disclosure of which is herein incorporated by reference. 
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In one embodiment involving enzymatic amplification, the set of gene-specific 
primers are employed in the generation of the first strand cDNA, followed by amplification 
of the first strand cDNA to produce amplified numbers of labeled cDNA. In this 
embodiment, as a set of gene-specific primers is employed in the first strand synthesis step, 
5 only a representative proportion of the total RNA in the sample is amplified during the 
subsequent amplification steps. 

Amplification of the first strand cDNA can be conveniently achieved by using a 
CAPswiich™ oligonucleotide as described in U.S. Patent Application Serial No. 08/582,562, 
the disclosure of which is herein incorporated by reference. Briefly, the CAPswitch™ 
10 technology uses a unique CAPswitch™ oligonucleotide in the first strand cDNA synthesis 
followed by PCR amplification in the second step to generate a high yield of ds cDNA. 
When included in the first-strand cDNA synthesis reaction mixture, the CAPswitch''"'^ 
oligonucleotide serves as a short extended template. When reverse transcriptase stops at the 
5* end of the mRNA template in the course of first strand cDNA synthesis it switches 
1 5 templates and continues DNA synthesis to the end of the CAPswitch™ oligonucleotide. The 
resulting ss cDNA incorporates at the 3* end, sequence which is complimentary to complete 
5' end of the mRNA and the CAPsv^tch™ oligonucleotide sequence. 

Of particular interest as the CAPswitch'^'^ oligonucleotide are oligonucleotides 
having the following formula: 



20 



30 



5'-dNl-dN2-...dNm-rNl-rN2...rNn-3' 



wherein: 

dN represents a deoxyribonucleotide selected from among dAMP, dCMP, dGMP and 

25 dTMP; 

m represents an integer 0 and above, preferably from 10 to 50; 
rN represents a ribonucleotide selected from the group consisting of AMP, CMP, 
GMP and UMP, preferably GMP; and 

n represents ah integer 0 and above, preferably from 3 to 7. 



The structure of the CAPswitch"^'^ oligonucleotide may be modified in a number of 
ways, such as by replacement of 1 to 10 nucleotides with nucleotide analogs, incorporation 
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10 



of ,=m,inau,r nuCeoUdes, such as S^-an-ino NMP. J'-phosphate NMP and *e Uke. o 
non-natural nucUoUdes which can improve efficiency of .he .emp,a.e swi.chrn, reacuon bu. 
srii, reuin the main funcuon of the CAPswitch™ oligonucleotide U. CAP-depended 
extension of fltll-length cDNA by reverse transcriptase using CAPswitch™ oligonucleot.de 

as a template. . . • j ♦ 

,„ using the CAPswitch™ oligonucleotide, firs, strand cDNA synthests ,s camed out 
in the presence of a set of gene specific primers and a CAPswitch™ oligonucleotide, where 
the gene specific primers have been modified to comprise an arbitrary anchor sequence a, 
their 5' ends. The first strand cDNA is then combined with primer se,uences complementary 
,0- (a) all or a portion of the CAPswitch™ oligonucleoUde and (b) the arbitrary anchor 
sequence of the gene specific primers and addidonal PCR reagents, such as dKTPs, DNA 
polymerase, and the like, under conditions sufHcient to amplify the first strand cDNA. 
conveniently, PCR is carried out in the presence of labeled dNTPs such that the resultant, 
amplified cDNA is labeled and serves as the labeled or target nucleic acid. Labeled nucle.c 
acid can also be produced by carrying „u, PCR in the presence of labeled primers, where 
eid,er or both the CAPswitch™ oHgonucleotide complementary primer and anchor sequence 
complementary primer may be labeled. In ye. an alternative embodiment, instead of 
producing labeled amplified cDNA, one may generate labeled RNA f.om .he amphfied ds 
CDNA. e.,. by using an RKA polymerase such as E.coli RNA polymerase, or oAer RNA 
, polymerases requiring promorer sequences, whe« such sequences may be incorporated ,nto 

the arbitrary anchor sequence. 

instead of using the set of gene specific primers in the first strand cDNA synthes.s 
step followed by subsequent amplification of only a representative fraction of .he .onl 
number of distinct RNA species in the sample, one may also amplify all of the RNAs m the 
5 sample and use the set of gene specific primers to generate labeled nucleic acid following 
amplification. This embodiment may find use in si.ua.ions where .he RNA of interest ,o be 
amplified is known or postulated to be in small amounts in the sample. 

m this embodiment, first strand synthesis is carried ou. using: (a) an oligo dT pnmer 
that usually comprises an arbitrary anchor sequence a. its 5' end and (b) a CAPswitch™ 
,0 oligonucleotide. During firs, strand synthesis .he oligo(dT) anneals .o .he polyA .ail of Ote 
mRNA in .he sample and syn.hesis ex.ends beyond ,he 3' end or.hc RNA .o include .he 
CAl>swi.ch™ oligonucleolide. yielding a firs. s.rand cDN A comprising an arb.trary 
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sequence at its 5* end and a region complementary to the CAPswitch''''^ oligonucleotide at its 
3* end. The length of the dT primer will typically range from 15 to 30 nts, while the arbitrary 
anchor sequence or portion of the primer will typically range from 15 to 25 nt in length. 

Following first strand synthesis, the cDNA is amplified by combining the first strand 
5 cDNA with primers that correspond at least partially to the anchor sequence and the 

CAPswitch™ oligonucleotide under conditions sufficient to produce an amplified amount of 
the cDNA. Labeled nucleic acid is then produced by contacting the resultant amplified 
cDNA with a set of gene specific primers, a polymerase and dNTPs, where at least one of the 
gene specific primers and dNTPs are labeled. 

10 When employed to generate target, as described above, the gene specific primers of 

the sets of primers according to the subject invention are typically chosen according to a 
number of different criteria. In some embodiments of the invention, primers of interest for 
inclusion in the set include primers corresponding to genes which are typically differentially 
expressed in different cell types, in disease states, in response to the influence of external 

15 agents, factors or infectious agents, and the like. In other embodiments, primers of interest 
are primers corresponding to genes which are expected to be, or already identified as being, 
differentially expressed in different cell, tissue or organism types. Preferably, at least 2 
different gene functional classes will be represented in the sets of gene specific primers, 
where the number of different functional classes of genes represented in the primer sets will 

20 generally be at least 3, and will usually be at least 5. Gene functional classes of interest 

include oncogenes; genes encoding tumor suppressors; genes encoding cell cycle regulators; 
stress response genes; genes encoding ion channel proteins; genes encoding transport 
proteins; genes encoding intracellular signal transduction modulator and effector factors; 
apoptosis related genes; DN A synthesis/recombination/repair genes; genes encoding 

25 transcription factors; genes encoding DNA-binding proteins; genes encoding receptors, 
including receptors for growth factors, chemokines, interleukins, interferons, hormones, 
neurotransmitters, cell surface antigens, cell adhesion molecules e(c. \ genes encoding cell- 
cell communication proteins, such as growth factors, cytokines, chemokines, interleukins, 
interferons, hormones etc.; and the like. Less preferred are gene specific primers that are 

30 subject to formation of strong secondary structures with less than -lOkcal/mol; comprise 
stretches of homopolymeric regions, usually more than 5 identical nucleotides; comprise 
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more than 3 repetitive sequences; have high, e.f^. more than 80%, or low, e.fr. less than 30%, 
GC content etc. 

The particular genes represented in the set of gene specific primers will necessarily 
depend on the nature of physiological source from which the RNAs to be analyzed are 
5 derived. For analysis of RNA profiles of eukaryotic physiological sources, the genes to 
which the gene specific primers correspond will usually be Class II genes which are 
transcribed into RNAs having 5' caps, e.g. 7-methyl guanosine or 2,2,7-trimethylguanosine, 
where Class II genes of particular interest are those transcribed into cytoplasmic mRMA 
comprising a 7-methyl guanosine 5' cap and a polyA tail. 
10 For analysis of RNA profiles of mammalian physiological sources, of particular 

interest are gene specific primers corresponding to the functional gene classes listed above. 
For analysis of RNA profiles of human physiological sources, the gene specific primers of 
particular interest are the gene specific primers identified in Table 1 as SEQ ID NO:01 to 
SEQ ID NO:1372, of U.S. Application Serial No. 08/859.998, the disclosure of which is 
1 5 herein incorporated by reference, where sets of these primers will usually include at least 20 
and more usually at least 50 of these specific sequences. 

Particular sets of primers of interest in the subject invention are those sets of primers 
that include primers capable of amplifying at least a portion of the unique polynucleotides 
present on the arrays with which the target is to be employed. By at least a portion is meant 
20 at least about 1 0, usually at least about 20 and more usually at least about 25 number % 
(where number is the number of different unique polynucleotides on the array). For 
examples, sets of primers that include primers capable of amplifying at least a portion of the 
unique polynucleotides listed in Table 1 , supra, are of interest. Similariy sets of primers 
capable of amplifying at least a portion of the unique polynucleotides listed in Tables 2 to 8, 

25 supra, are also of interest. 

In a particularly preferred embodiment, the gene specific primers are preferably those 
primers that correspond to the different polynucleotide spots on the array that is used in the 
hybridization assay. Thus, one will preferably employ gene specific primers for each 
different polynucleotide that is present on the array, so that if the gene is expressed in the 

30 particular cell or tissue being analyzed, labeled target will be generated from the sample for 
that gene. In many embodiments in which the subject arrays arc employed, the gene specific 
primers used to generate the target from the human cell or tissue being analyzed will have 



• 147- 



wo 98/53103 



PCT/US98/10561 



the same sequence as the gene specific primers used to generate the polynucleotide probes 
present on the array. In this manner, if a particular gene present on the array is expressed in a 
particular sample, the appropriate target will be generated and subsequently identified. 
Representative sets of primers falling within this particularly preferred embodiment include: 
5 SET DESCRIPTION 

1 I pair of primers capable of amplifying each 

polynucleotide listed in Table \, supra, as well 
one set of primers capable of amplifying each of 
the complementary sequences of each of the 
polynucleotides listed in Table I . 

2 I pair of primers capable of amplifying each 

polynucleotide listed in Table 2, supra^ as well 
one set of primers capable of amplifying each of 
the complementary sequences of each of the 
polynucleotides listed in Table 2. 

3 1 pair of primers capable of amplifying each 

polynucleotide listed in Table 3, supra, as well 
one set of primers capable of amplifying each of 
the complementary sequences of each of the 
polynucleotides listed in Table 3. 

10 Hybridization and Detection 

As mentioned above, following preparation of the target nucleic acid from the tissue 
or cell of interest, the target nucleic acid is then contacted with the array under hybridization 
conditions, where such conditions can be adjusted, as desired, to provide for an optimum 
level of specificity in view of the particular assay being performed. Suitable hybridization 

1 5 conditions are well known to those of skill in the art and reviewed in Maniatis et al, supra 
and WO 95/21944. In analyzing the differences in the population of labeled target nucleic 
acids generated from two or more physiological sources using the arrays described above, 
each population of labeled target nucleic acids are separately contacted to identical probe 
arrays or together to the same array under conditions of hybridization, preferably under 

20 stringent hybridization conditions (for example, at 50 °C or higher and O.IXSSC (15 mM 
sodium chloride/01.5 mM sodium citrate)) , such that labeled target nucleic acids hybridize 
to complementary probes on the substrate surface. 

Where all of the target sequences comprise the same label, different arrays will be 
employed for each physiological source (where different could include using the same array 

25 at different times). Alternatively, where the labels of the targets are different and 
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distinguishable for each of the different physiological sources being assayed, the opportunity 
arises to use the same array at the same time for each of the different target populations. 
Examples of distinguishable labels are well known in the art and include: two or more 
difFerent emission wavelength fluorescent dyes, like Cy3 and Cy5, two or more isotopes 
with different energy of emission, like ^'P and "P, labels which generate signals under 
different treatment conditions, like temperature, pH, treatment by additional chemical agents, 
etc., or generate signals at different time points after treatment. Using one or more enzymes 
for signal generation allows for the use of an even greater variety of distinguishable labels, 
based on different substrate specificity of enzymes (alkaline phosphatase/peroxidase). 

Following hybridization, non-hybridized labeled nucleic acid is removed from the 
support surface, conveniently by washing, generating a pattern of hybridized nucleic acid on 
the substrate surface, A variety of wash solutions are known to those of skill in the art and 
may be used. 

The resultant hybridization patterns of labeled nucleic acids may be visualized or 
detected in a variety of ways, with the particular manner of detection being chosen based on 
the particular label of the target nucleic acid, where representative detection means include 
scintillation counting, autoradiography, fluorescence measurement, colorimetric 
measurement, light emission measurement and the like. 

Following detection or visualization, the hybridization patterns may be compared to 
identify differences between the patterns. Where arrays in which each of the different probes 
corresponds to a known gene are employed, any discrepancies can be related to a differential 
expression of a particular gene in the physiological sources being compared. 

Utility 

The subject methods find use in, among other applications, differential gene 
expression assays. Thus, one may use the subject methods in the differential expression 
analysis of: (a) diseased and normal tissue, e.g. neoplastic and normal tissue, (b) different 
tissue or tissue types; (c) developmental stage; (d) response to external or internal stimulus; 
(e) response to treatment; and the like. The subject arrays therefore find use in broad scale 
expression screening for drug discovery and research, such as the effect of a particular active 
agent on the expression pattern of genes in a particular cell, where such information can be 
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used to reveal drug toxicity, carcinogenicity, etc,, environmental monitoring, disease 
research and the like. 

Kits 

5 Also provided are kits for performing analyte binding assays using the subject 

devices, where kits for carrying out differential gene expression analysis assays are 
preferred. Such kits according to the subject invention will at least comprise the subject 
arrays. The kits may further comprise one or more additional reagents employed in the 
various methods, such as primers for generating tEurget nucleic acids, including a set of gene 

10 specific primers according to the subject invention, e.g. primer sets 1 to 9 described above, 
dNTPs and/or rNTPs, which may be either premixed or separate, one or more uniquely 
labeled dNTPs and/or rNTPs, such as biotinylated or Cy3 or Cy5 tagged dNTPs, or other 
post synthesis labeling reagent, such as chemically active derivatives of fluorescent dyes, 
enzymes, such as reverse transcriptases, DNA polymerases, and the like, yarious buffer 

15 mediums, e.g. hybridization and washing buffers, prefabricated probe arrays, labeled probe 
purification reagents and components, like spin columns, etc., signal generation and 
detection reagents, e.g. streptavidin-alkaline phosphatase conjugate, chemifluorescent or 
chemiluminescent substrate, and the like. 

20 

The following examples are offered by way of illustration and not by way of 
limitation. 

EXPERIMENTAL 

25 

Example 1 - Generation of human cDNA array 

686 cDNA fragments corresponding .686 different human genes were amplified from 
quick-clone cDNA (CLONTECH) in 686 separate test tubes using a combination of sense 
and antisense gene-specific primers: (Set No. 9, described supra). Amplification was 
30 conducted in a 100-jil volume containing 2 ^il of mixture of 10 Quick-clone cDNA from 
placenta, brain, liver, lung, leukocytes, spleen, skeletal muscle, testis, kidney and ovary 
(CLONTECH), 40 mM Tricine-KOH (pH 9.2 at 22 °C), 3.5 mM Mg(OAc)3, 10 mM KOAc, 
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75 ^g/ml BSA, 200 nM of each dATP, dGTP, dCTP and dTTP, 0.2 nM of each sense and 
antisense gene-specific primers and 2 ^l of KlenTaq Polymerase mix. Temperature 
parameters of the PGR reactions were as follows: 1 min at 95°C followed by 20-35 cycles of 
95°C for 15 sec and BZ'C for 2 min; followed by a lO-min final extension at 68°C. PGR 
products were examined on 1.2% agarose/EtBr gels in Ix TBE buffer. As a DNA size 
marker a 1 Kb DNA Ladder was used, ds cDNA was then precipitated by addition of a half 
volume of 4M ammonium acetate (about 35 fil) and 3.7 volumes of 95% ethanol (about 260 
ix\). After vortexing, the tube was immediately centrifuged at 14,000 r.p.m. in a 
microcentrifuge for 20 min. The pellet was washed with 80% ethanol without vortexing, 
centrifuged as above for 10 min, air dried, and dissolved in 10 jil of deionized water. Yield 
of ds cDNA after the amplification step was about 5 ^g. The ds cDNA fiagments for all 686 
genes were cloned into TA-cloning vector using the manufacturer's recommendations 
(Invitrogen) and identity of the clones was confirmed by sequence analysis. The ds cDNA 
inserts with the sequence conresponding 686 genes were amplified by PGR using a 
combination of antisense and sense gene-specific primers, as described above. The ds cDNA 
was denatured by adding 1 yil of lOX denaturing solution (1 M NaOH, 10 mM EDTA) and 
incubating at 65°C for 20 min. All cDNA probes were transferred in 384-well plate and 
loaded on positively charged nylon membrane (Schleher & Schull) using 384 pin tool and 
Biomek 2000 (Beckman) robot. The resultant array is described in Table 1. 

F.xnmnle 2 - neneration of ^^-P-laheled oli ponucl e otldes Hnri nr fifSt ?trand cDNA 
synthesis 

Step A. cDNA synthesis/Labeling Procedure 

1 \ig of polyA+RNA or total RNA was converted into ^-P-labeled first-strand cDNA 
as follows. A sufficient volume of master mix for all labeling reactions and 1 extra reaction 
was prepared as follows to ensure sufficient volume. For each \0-\i\ labeling reaction, the 

following reagents were mixed: 

2 Ml 5X First-strand bufTer (250 piM Tris-HCI pH8.3; 375 mM KCI: 15 mM MgCl ,) 
I (il I OXdNTP mix (500 fiM dGTP. 500 \iM dCTP, 500 ^iM dTTP. 5 iiM dATP) 

4 fil la- "PldATP (Amersham. 3000 Ci/mmol. 10 mCi/ml) 
I fil MMLV reverse transcriptase (Amersham. 200 units/nO 
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8 ]i\ Final volume 
Next, the following reagents were combined in a 0.5-mI PGR test tube: 
1 Jig (1-2^1) polyA+RN A sample 
5 I Ml gene-specific primers mix ( 0.2 nM of each oligonucleotide ID No. 

2,4,6,8,10,12 1372 from Table I of U.S. Patent Application Serial No. 

08/859.998, the discosure of which is herein incorporated by reference.) 

{ ■ 

10 As a control, in separate test tube were mixed 1 ^ig of poIyA+RNA sample with 1 |al of oligo 
dT primer (CDS 1 , 5*-d(TCTAGAATTC AGCGGCCGC(T)3oVN) - 3* 

(where V=G or A or C; N=G or A or T or C) 

For each tube, ddH^O was added to a final volume of 3 ^1 and the contents were 
15 mixed and spun briefly in a microcentrifuge. The tubes were then incubated in a preheated 
PGR thermocycler at 70°C for 2 min. The temperature in thermocycle was reduced down to 
SOX and the tube contents were incubated for 2 min. 8 ^il of master mix as prepared above 
were added to each reaction test tube. The contents of the test tubes were then mixed by 
gentle pipetting. The tubes were then incubated in a PGR thermocycler for 20 min at 50°C. 
20 The reaction was then stopped by adding 1 ^1 of lOX termination mix (0.1 M EDTA, 1 
mg/ml glycogen). 

Step B. Column Chromatography 

The ^-P-labeled cDNAs were separated from unincorporated ^-P-labeled nucleotides 

25 and small (<0.1- kb) cDNA fragments using the following procedure for each test tube. A 
CHROMA SPIN-200 column (CLONTECH, Palo Alto, CA) was placed into a 1 .5-ml 
microcentrifuge tube, the water was allowed to drain through the column by gravity flow 
until the surface of the gel beads emerged in the column matrix. The sample was then . 
applied to the center of the gel bed's flat surface and allowed to be fully absorbed into the 

30 resin bed. 25 |il of ddH^O were then applied and allowed to completely drain out of the 
column. 200 |il of ddH.O were then applied and allowed to completely drain out of the 
column until there was no liquid left above the resin bed. The column was then transferred to 
a clean 1.5-ml microcentrifuge tube. 
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To collect the first fraction, 100 ^l of ddH.O were added to the column and allowed 
to completely drain out of the column. The second, third and fourth fractions were collected 
in analogous fashion. The tubes with fractions 1-4 were then placed in scintillation counter 
empty vials, and Cherenkov counts for each fraction were obtained in the tritium channel. 
The fractions which showed the highest Cerenkov counts were pooled. 

Fvnmnle 3 - r.. ^.r.tinn of rv3-hhHed hvbridizaTlon rolynnckotide Ti^rpet from 
p»lvA+RNA u '^inp pn«:t?;vnthpsis labejlinP PrOCgdwrg 

In this procedure for generating labeled cDN A target, polyA+KN A is first converted 
into cDNA that has primary amino groups which are subsequently coupled with Cy3 
succinimide ester. This technology allows for a significant increase (about 1 0 fold) in 
activity of labeled polynucleotide target and therefore increases the overall sensitivity of 
detection of gene expression. The same procedure can be used for labeling two (or more) 
samples of RNA. In this case the cDNA synthesis step was the same for both samples but at 
the labeling step, each cDN A sample was labeled by different and distinguishable labels, e.g. 
Cy3 and Cy5, Alexa 532 and Bodipy TR, Fluorescein and tetramethyl rhodamine, etc. Each 
labeled probe was purified separately by column chromatography and, after normalization, 
were combined together in equal ratio and hybridized with a cDNA array. After 
hybridization, the detection procedure revealed both dye-labeled hybridized target 
simultaneously, based on the different spectral characteristics (emission wavelength) of the 
fluorescent labels. 



A. cDNA synthesis 

The 10.//1 reaction described below converted 1 Mg of polyA+RNA into amino- 

modified first-strand cDNA. 

For each cDNA synthesis reaction: 

I . Enough master mix for all labeling reactions and I extra reaction was prepared to 

ensure sufficient volume. 

For each 10-/zl labeling reaction, the following reagents were mixed: 

2 Ml 5X First-strand buffer (250 MMTris-HCI pH8.3; 375 mMKCI; l5mMMgCI2) 

1 Ml lOXdNTP mix (500 mM dGTP, 500 mM dCTP. 500 mM dATP. 100 mM dTTP. 
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and 100 mM allylamino dUTP ) 
I ^1 [a-" P]dATP (Amersham, 3000 Ci/mmol, 10 mCi/ml) 
3 HjO 

1 ^\ MMLV reverse transcriptase (Amersham, 200 units/ul) 



8 ^\ Final volume 



2. The following was combined in a 0.5-ml PGR test tube: 
I /ig ( I -2 mO polyA+RN a sample 

I /il I Ox gene-specific primers mix ( 0.2 uM of each oligonucleotide ID No. 

2,4,6,8,10,12 1372) (from Table 1 of U.S. Patent Application No. 

08/859,998, the disclosure of which is herein incorporated by reference.) 

As a control in separate test tube 1 Mg of polyA+RNA sample was mixed with 1 ^1 
of oiigo dT primer (SEQ ID NO. 1373 from Table 1 of U.S. Application No. 08/859,998). 

3 . ddHiO was added to a final volume of 3 ^I. 

4. The contents were mixed and the tubes were spun briefly in a microcentrifuge. 

5. The tubes were incubated in preheated PCR thermocycler at 70°C for 2 min. 

6. The temperature in the thermocycle was reduced down to 50°C and incubate for 2 
min. 

7. 8 Ail of master mix were added to each reaction test tube. 

8. The contents of the test tubes were mixed by gentle pipeting. 

9. The tubes were incubated in a PCR thermocycler for 30 min at 50°C. 

10. The reaction was stopped by increasing temperature up to 70 °C for 5 min, then 
cooled to 37^C. 

11. 1 m1 of RNase H (10 unitsZ/^l) was added and the tubes were incubated at 37 °C for 1 5 
min. 

12. The reaction was stopped by adding 40 of termination mix (0.3 M sodium acetate, 
pH 5.0, 1 mMEDTA). 

13. An equal volume (50 of phenol/chlorophorm/isoamyl alcohol mix (1: 1 : 1/24 v/v) 
was added and extraction was performed. Phases were separated by centrifugation at 
14,000 rpm for 10 min. 
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1 4. Upper water phase was collected and cDN A was precipitated by adding 2.5 volumes 
(about 120 Ail) of ethanol. 

1 5. The precipitate was collected by centrifugation at 14,000 rpm for 10 min, the 
supernatant removed and the precipitate was washed with 80% ethanol. 

16. The precipitate was air dried and dissolved in 10 tA of 0. 1 M sodium bicarbonate 
buffer, pH 9.0. 

StepB. Post synthesis labeling procedure. 

1. I mg of Cy3 succinimide ester was dissolved in 10 /zl of dimethyl sulfoxide and 10 
A^l of amino-modified cDNA generated at step 16 was added to it. 

2. The mixture was incubated at room temperature overnight. 

StepC. Column Chromatography 

To purify the Cy3-labeled cDNAs from the unconjugated label, the following was 

performed for each test tube: 

1 . CHROMA SPIN-200 column (CLONTECH) was removed from refngerator and 
allowed to warm at room temperature for about 1 hour, The column was inverted 
several times to completely resuspend the gel matrix. (Note: Check for air bubbles in 
the column matrix. If bubbles are visible, resuspend the matrix in the in the column 
buffer (ddHjO) by inverting the column again). 

2. The bottom cap from the column was removed, and then the top cap was slowly 
removed. 

3. The column was placed into a 1 .5-ml microcentrifuge tube. 

4. The water was allowed to drain through the column by gravity flow until the surfaces 
of the gel beads in the column matrix were visible. (The top of the column matrix 
should be at the 0.75-ml mark on the wall of the column. If the column contains 
much less matrix, adjust the volume of the matrix to 0.75ml mark using matrix from 
another column.) 

5. The collected water was discarded. 

6. The sample was applied to the center of the gel bed's flat surface and allowed to be 
fully absorbed into the resin bed. Care was taken not allow any sample to flow along 
the inner wall of the column. 
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7. 25 of ddHjO were applied and allowed to completely drain out of the column. 

8. Apply 200 Ml of ddH.O and allow the buffer to completely drain out of the column 
until there was no liquid left above the resin bed. 

9. The column was transfered to a clean 1 .5-ml microcentrifuge tube. 

5 1 0. 1 00 m1 of ddHjO were added to the column and allowed to completely drain out of the 
column. 

11. The second, third and fourth fractions were collected by repeating steps 9-10. 

12. Cherenkov counts were obtained for each fraction by counting the entire sample in 
the tritium channel. 

10 13. The fractions (usually fractions 2-3) which showed highest Cerenkov counts were 

pooled. Waste column and the fractions (usually fraction 1 and 4) which showed less 
than 10% counts from peak fractions. 



Example 4 - Hybridization ^^P-labeled cDNA Targ et with cDNA Array 



15 



A solution of ExpressHyb™ (CLONTECH) and sheared salmon testes DNA (Sigma) 
was prepared by prewarming 15 ml of ExpressHyb™ at 50-60 °C, heating 1 .5 mg of sheared 
salmon testes DNA at 95-100°C for 5 min followed by chilling quickly on ice, and 
combining the resultant heat-denatured sheared salmon testes DNA with the prewarmed 
20 ExpressHyb™. 

A'cDNA Array as produced in Example 1 aboye was then placed in a hybridization 
i bottle and 10 ml of the solution prepared above was added to the bottle. Prehybridization 

was performed for 30 min with continuous agitation at 72°C. Labeled cDNA probe 
(Example 1, about 200 ul, total about 2-5x10* cpm) with 1/lOth of the total volume ( about 
25 22 ul) of lOx denaturing solution (1 M NaOH, 10 mM EDTA) was mixed and incubated at 
65^*0 for 20 min. 5 jil (1 ng/ul) of human Cot-1 DNA was then added, and an equal volume 
(about 225 til) of 2x Neutralizing solution (1 M NaHP04, pH 7.0) was added and incubation 
continued at 65 °C for 10 min. The mixtures were then combined and thoroughly mixed. 

The prehybridization solution was replaced with the solution comprising the labeled 
30 oligonucleotide as prepared above and allowed to hybridize overnight with continuous 

agitation at 65^*0. Following hybridization, the hybridization solution was carefully removed 
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and discarded, replaced with 200 ml of Wash Solution 1 (2X SSC, 1% SDS). The array was 
washed for 20 min with continuous agitation at eS^'C. Washing was repeated four times. 

Two additional 20-min washes were then performed in 200 ml of prewarmed Wash 
Solution 2 (O.IX SSC, 0.5% SDS) with continuous agitation at 65 °C. Using forceps, the 
5 cDNA array was removed from the container and excess wash solution was removed by 
shaking. 

The damp membrane was immediately wrapped in plastic wrap, mounted on 
Whatman paper (3mm Chr) and exposed to x-ray film at -70 °C with an intensifying screen. 

10 Example 5 -Comparison Between Using Sets of Gene Specific Primers and oligp dT 

^-P-labeled cDNA target were synthesized by M-MLV reverse transcriptase from a 
mixture 588 antisense gene-specific primers (B) or oligo dT(A) using placenta polyA+RNA 
as a template as described in Example 2. Primer extension products generated by reverse 

1 5 transcription were purified by gel filtration as described in Example 2 and hybridized 

separately with two cDNA arrays comprising 588 human genes under identical conditions as 
described in Example 4. Signals which can be detected by using cDNA target generated 
using the set of gene specific primers but can not be detected by using conventional target 
generated with oligo dT primers were observed. Note, the level of non-specific background 

20 detected as signal generated by membrane alone outside of the regions with immobilized 
probes generated by target generated using oligo dT primers was significantly higher in 
comparison with the background generated by the target generated by using the sets of gene 
specific primers, 

25 Example 6 - Generation of cDNA arrav probe immobili zed nn glass slides. 

50 cDNA fragments corresponding to 50 different human genes were amplified from 
plasmid clones containing corresponding cDNA fi^agmcnts in 96 well plates using 
combination of vector primer ID No. 1376 and ID No. 1377 or sense and antisense gene- 
specific primers: ID No. 1+2, 3+4,5+6,7+8,.... 100+101 (from Table 1 of U.S. Patent 

30 Application No, 08/859,998, the disclosure of which is herein incorporated by reference). 
Amplification was conducted in a 400-/il volume containing 2 ng of plasmid DNA, 40 mM 
Tricinc-KOH (pH 9.2 at 22°C), 3.5 mM Mg(OAc)., 10 MM KOAc, 75 ptg/m] BSA, 200 ^M 
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of each dATP, dGTP, dCTP and dTTP, 0.2 of each primers and 2 p^l of KlenTaq 
Polymerase mix (CLONTECH). Temperature parameters of the PGR reactions were as 
follows: 1 min at 95*^0 followed by 30 cycles of 95°C for 15 sec and 68°C for 2 min; 
followed by a lO-min final extension at 68 °C. PGR products were examined on 1.2% 

5 agarose/EtBr gels in 1 x TBE buffer. As a DN A size marker , a 1 Kb DNA Ladder was used, 
ds cDNA was then precipitated by addition of a 10% volume of 3M sodium acetate (pH 5-0) 
(about 40 and 2.5 volumes of 96% ethanol (about 1 ml). After vortexing, the tube was 
immediately centrifuged at 14,000 r.p.m. in a microcentrifuge for 20 min. The pellet was 
washed with 80% ethanol without vortexing, centrifuged as above for 10 min, air dried, and 

1 0 dissolved in 1 0 Ail of deionized water. Yield of ds cDNA after amplification step was about 
20 /ig. The ds cDNA was solved in 10 /zl of distilled water, 10 ^1 of 1 M sodium carbonate 
buffer, pH 9.5, was added and the ds cDNA was denaturated by heating at 94 °G for 5 min 
and cooled down. The treated glass slides were prepared as following: Glass slides were 
cleaned overnight in 25% solution of nitric acid at room temperature, washed 3 times by 

15 acetone, treated with 1% aminopropyl-trimethoxysilane for 3 hrs at room temperature, 
washed two times with acetone, heated at 120°G for 6 hrs and then treated with 0.2 % of 
para-phenylendiisothiocyanate (95:5 acetone-water solution) at room temperature for 3 hrs, 
then washed two times by acetone and dried in vacuum with desiccant. All cDNA probes 
were transferred in 384-well plate and printed on treated glass slides using 384 pin tool and 

20 Biomek 2000 (Beckman) robot. After printing, the arrays were incubated in wet chamber at 
37°G overnight, then ultraviolet-cross linked to the surface by subjecting the slides to 30 mJ 
of energy (Stratagene Stratalinker). The arrays were washed with 1% of sodium borohydrate 
in 0.1 M NaOH, then washed 3 times in distilled water, dried in vacuum and stored with 
desiccant. 

25 

Example 7- HvhridiTation Cv3 labeled cDNA Tarpet (or CvV CvS labeled cDNA 
tarpets^ with glass cDNA array 

1 . A solution of ExpressHyb (CLONTECH) and.sheared salmon testes DNA (Sigma) 
30 was prepared as follows: 

a. 5 ml of ExpressHyb"'''*^ was prcwarmed at 50-60°C. 
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2. 

3. 
4. 



6. 
7. 



b. 0.5 mg of the sheared salmon testes DNA was heated at 95-100 "C for 5 
min, and then chilled quickly on ice. 

c. Heat-denatured sheared salmon testes DNA was mixed with prewarmed 

ExpressHyb. 

The glass cDNA array was placed in a hybridization container, and 1 ml of the 
solution prepared in step 1 above was added. 

Prehybridization was conducted for 5 min with continuous agitation at 65°C. 
Labeled cDNA probe as prepared in example 3, step C13, above, (about 200 mD was 
mixed with 2 ;zl ( I A^gZ/zl) of human Cot- I DNA , and denaturated at 99''C for 2 



10. 



min. 



The mixture prepared in Step 4 was added to the hybridization box from Step 3 and 
the two solutions were mixed together thoroughly. The container was sealed by 
sealing tape. 

Hybridization was allowed to proceed overnight with continuous agitation at 65»C. 
The hybridization solution was carefully removed and discarded in an appropriate 
container, and replaced with 10 ml of Wash Solution 1 (2X SSC, O.l-M. SDS). The 
array was washed for 10 min with continuous agitation at 65°C. The step was 
repeated two times. 

Additional 10-min washes were performed in 10 ml of Wash Solution 2 (0. 1 X SSC, 
0.1% SDS) with continuous agitation at 65°C. 

Using forceps, the cDNA array was removed from the container, briefly washed in 0. 
IXSSC and excess buffer was removed from surface by centrifugation in a Beckman 
CS-6R centrifuge at 2000 rpm. 

Glass arrays were scanned using a custom-built laser scanner equipped by green (Cy3 
Chanel) and red ( Cy5 chanel) solid state laser built in UCLA. Images were scanned 
at a resolution of 20 /im per pixel. 

It is evident from the above results and discussion that the subject invention provides 
a rapid, high throughput means to simply and quickly obtain a broad-scale screening of gene 
expression in a variety of different samples. Only simple hybridization protocols need be 
employed with the subject arrays, and signals can be detected using any convenient and 
readily available detection device. Despite their simplicity, assays conducted with the 
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subject arrays yield a large amount of information regarding the expression of numerous 
different and important genes in a particular sample at substantially the same time, and thus 
have use in many different types of applications, including drug discovery and 
characterization, disease research, and the like. 

5 

All publications and patent applications cited in this specification are herein 
incorporated by reference as if each individual publication or patent application were 
specifically and individually indicated to be incorporated by reference. The citation of any 
publication is for its disclosure prior to the filing date and should not be construed as an 
1 0 ^ admission that the present invention is not entitled to antedate such publication by virtue of 
prior invention. 

Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, it is readily apparent to 
1 5 those of ordinary skill in the art in light of the teachings of this invention that certain changes 
and modifications may be made thereto without departing from the spirit or scope of the 
appended claims. 



\ 
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WHATKri AIMFD IS: 

1 . An array comprising a plurality of polynucleotide spots stably associated with the 
surface of a solid support, wherein a portion of said plurality of polynucleotide spots 
comprise a polynucleotide probe composition made up of unique polynucleotides and all of 
the unique polynucleotides on said array correspond to genes of a specific type. 

2. The array according to Claim 1 , wherein said polynucleotides of said array have an 
average length of from about 120 to 1000 nt. 

3. The array according to Claims 1 or 2. wherein each of said unique polynucleotides 
does not cross hybridize with the polynucleotides of any other polynucleotide probe 

composition on the array. 

4. The array according to Claims 1 . 2 or 3, wherein said polynucleotide probe 
composition comprises a population of single stranded identical polynucleotides. 

5. The array according to Claims 1 . 2 or 3, wherein said polynucleotide probe 
composition comprises a population of two different complementary single stranded 

polynucleotides. 

6. The array according to any of the preceding claims, wherein the density of spots on 
said array does not exceed about 500/cm-. 

7. The array according to any of the preceding claims, wherein the number of spots on 
>5 said array ranges from about 50 to 1 000. 

8. The array according to any of the preceding claims, wherein said array is selected 
from the group consisting of a human array, a mouse array, a cancer array, an apoptosis 
array, a human stress array, an oncogenc/tumor suppressor array, a cell-cell interaction array, 

30 a cytokine and cytokine receptor array, a rat array, a blood array, a mouse stress array, and a 
neuroarray. 



0 
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9. The array according to any of the preceding claims, wherein said solid support is 
flexible. 

1 0. The array according to any of the preceding claims, wherein said solid support is 
rigid. 

1 1 . The array according to any of the preceding claims, wherein said polynucleotide 
probes of said array are those listed in a table selected from the group consisting of: Table 1 , 
Table 2, Table 3, Table 4, Table 5, Table 6, Table 7 and Table 8. 

12. A method of preparing an array according to any of the preceding claims, said 
method comprising: 

enzymatically generating said unique polynucleotides; and 
stably associating said enzymatically-generated, complementary, unique 
polynucleotides on the surface of said solid support. 

13. A set of a representative number of distinct gene specific primers comprising gene 
specific primers corresponding to at least twenty distinct genes. 

14. The set of gene specific primers according to Claim 1 3, wherein at least two of the 
twenty distinct genes are from different gene functional classes. 

15. The set of gene specific primers according to Claim 14, wherein the set comprises 
from 20 to 1 0,000 gene specific primers. 

16. The set of gene specific primers according to Claims 13, 14 or 15, wherein the set 
comprises primers capable of amplifying at least a portion of the polynucleotides present on 
an array according to any of Claims I to 1 1 . 

1 7. The set of gene specific primers according to Claim 1 6, wherein the set comprises 
primers capable of amplifying at least 20 of the polynucleotides present on an array 
according to any of Claims I to 1 1 . 
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18. A method for detecting expression of a gene using a hybridization assay, said method 

comprising: 

contacting at least one labeled target polynucleotide sample with an array according 
to any of Claims 1 to 1 1 under hybridization conditions sufficient to produce a hybridization 

5 pattern; and 

detecting said hybridization pattern. 

19. The method according to Claim 18, wherein said method further comprises washing 
said array prior to said detecting step. 

10 

20. The method according to Claims 18or 19, wherein said method further comprises 
preparing said labeled target polynucleotide sample. 

21. The method according to Claim 20, wherein said preparation comprises: 
15 obtaining a sample ofnucleic acids fi-om a physiological source; and 

generating a population of labeled nucleic acids from the nucleic acids sample by 
using a set of a representative number of distinct gene specific primers according to any of 

Claims 13 to 17; 

whereby said labeled target polynucleotide sample is produced. 

20 

22. The method according to Claims 20 or 21, wherein said preparing comprises 
conjugating a detectable label to a functionalized target polynucleotide. 

23. The method according to any of Claims 18 to 22, where said method further 

25 comprises: 

generating a second hybridization pattern; and 
comparing said hybridization patterns. 

24. The method according to Claim 23, wherein said hybridization patterns arc generated 
30 on the same array. 
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25. The method according to Claim 23, wherein the second hybridization patters are 
generated on different arrays. 

26. A kit for use in a hybridization assay, said kit comprising: 
5 an array according to any of Claims 1 to 1 1 . 

27. The kit according to Claim 26, wherein said kit further comprises reagents for 
generating a labeled target polynucleotide sample. 

10 28. The kit according to Claims 27, wherein said reagents comprise a set of a 

representational number of gene specific primers according to any of Claims 13 to 17. 

29. A kit for use in detecting the differential expression of genes of a plurality of 
physiological sources, the kit comprising: 
15 a set of a representative number of distinct gene specific primers according to any of 

Claims 13 to 17. 
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Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of First slieet) 



This international report has not been established in respect of certain claims under Article 17(2X&) for the following reasons: 



□ 



Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. I I Claims Nos.: 

' because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful intemational search can be carried out, specifically: 



3. [xl Claims Nos.: 4-12, 16-19 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet 



I. j j As all required additional search fees were timely paid by the applicant, this intemational search report covers all searchable 



claims. 



2. 02 As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. - 

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4. I x| No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
1-29. species of SEQ ID NOs: 1-10 



Remark on Protest | [ The additional search fees were accompanied by the applicant's protest. 

I [ No protest accompanied the payment of additional search fees. 
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B. FIELDS SEARCHED 

Electronic data bases consulted (Name of data base and where pracucablc terms used): 

s!^^U*'iZ':^tf!Z^P^^ ny'o-. r..tcr. hybndirc. anncl. DNA. RNA. gene. ouCcic. oHgo. 

polynucleotide, spot, pattern, primer 

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains claims directed to more than one species of the generic invention. These 'P^'"" •"'^"'"f^ 
lack Unity of Invention because they a« not so linked as to fonn . single inventave «»«*P' '^^l^J^"'!j^^^^^ 
orfcr for moie than one species to be searched, the appropriate additional seareh fees must be paid. The species are as 

follows: 

Each of the sequences found in Tables 

The species listed above do not relate to a single inventive concept under PCT Rule 13.1 because, under PCT Rule 13.2. 
the species lack the same or corresponding special technical feanires for the followmg reasons: 

Each of the sequences found in Tables 1-8 represents o different nucleic acid species which arc not joined by a 
corresponding technical feature such as encoding a similar protein. 

According the Official GazeUe Notice in October 1996. "Under the Unity of Invention S'«»'f»'d '"^^^^ 
Application or National Stage Application Filed Under 35 U.S.C. § 371. Up to Ten Nucleotide Sequences Will Be 
Searched and/or Examined Without Payment of An Additional Fee". 
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